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ABSTRACT 

Levels of nitrogen, phosphorus, potassium, calcium, magnesium, 

zinc, manganese, copper and selenium in grasses grown under rainfed con

ditions on different soils in the Santa Rita Experimental Range and other 

areas in southern Arizona were evaluated to determine whether these 

nutrients are deficient, sufficient or toxic to cattle.' In the green

house, two grasses grown on five different soils representing four soil 

orders were fertilized with nitrogen and phosphorus and the uptake of a 

number of nutrients was determined. 

For the grasses collected from the field, the nutrient contents 

generally decreased with time to maturity and the highest levels were 

attained during August when the grasses were young, and March, the start 

of the spring growth. The nitrogen and phosphorus contents were lower 

than the requirement for grazing cattle indicating the need for supple

menting protein and phosphorus. The contents of potassium, calcium, zinc, 

manganese, copper and selenium were adequate for grazing animals. Al

though the magnesium level in some cases was lower than the requirement, 

it was considered adequate because its deficiency is now known in warm 

season grasses. 

The nutrient contents in the grasses grown on Comoro soils were 

generally higher than when grown on an adjacent Sonoita soil. Soil anal

ysis revealed no consistent pattern of the levels in these grasses and 

in Cornaro and Sonoita soils on which they were grown, except for nitrogen. 

x 



xi 

The nutrient contents in the heads and leaves of two species of 

grasses were higher than in their stems. 

The greenhouse experiments showed that the vegetation on the N+P 

treatment was more vigorous than on the nitrogen treatment and the con

trol, respectively. For the two grasses grown on the five different 

soils, the nitrogen and magnesium contents mostly were not significantly 

different between the three treatments, probably due to the dilution 

effect resulting from the vigorous vegetative growth on the N+P treat

ment. The phosphorus content in the grasses grown on the N+P treatment 

was significantly higher than the other two treatments. The nitrogen and 

phosphorus levels in the soils before and after planting were similar in

dicating that nitrogen and phosphorus fertilization helped maintain their 

levels in the soils. Other nutrients in the soils decreased after 

planting. 

Most of the nutrients were higher in the surface soils than in 

the subsurface soils, probably due to the ability of grasses to recycle 

nutrients from the subsoil. 



CHAPTER 1 

INTRODUCTION 

Stoddart et al. (1975) described rangelands as those areas of the 

world which are unsuited to cultivation due to physical limitations of 

low and erratic precipitation, rough topography, poor drainage, or cold 

temperatures, and which are a source of forage for free-ranging native 

and domestic animals, as well as a source of wood production, water, and 

wildlife. They defined range management as "the science and art of op

timizing the returns from rangelands in those combinations most desired by 

and suitable to society through the manipulation of range ecosystems." 

They described it as a biological science because of the response of 

vegetation to cropping and the animals that harvest the crop, a physical 

science because climate, topography and hydrological factors determine 

the range degree of use and kind, and a social science because the needs 

of society determine the range resource uses. 

They further stated that rangeland ranks a major land type as 

size, support for animal-based industries or sources of streamflow, and 

worldwide, 30% of the world's land area is grassland, 27% is forest, and 

only 10% is cropland. In the United States it has been estimated that 

54% of the feed units consumed by all livestock and 76% of the feed units 

consumed by beef cattle corne from forage. 

Rangeland in Arizona constitutes the majority of the land area. 

In fact, the monetary value of range livestock is of great importance in 

1 
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all the western parts of the United States. RogIer and Lorenz (1973) 

stated that approximately 75% of the land area in the seventeen western 

states is rangeland, which is at least 304 million hectares, or more 

land than the entire area remaining in the other contiguous states. 

Keller (1973) characterized the vast area of the western range by low 

precipitation and a wide diversity of species, rainfall patterns, soils, 

climates, season of use, and management practices. He stated that most 

of the western range is producing substantially below its potential and 

millions of hectares have lost the desirable forage species they once 

had due to (i) improper grazing in addition to (ii) brush encroachment 

and (iii) devastating drought. Improper grazing and brush encroachment 

problems can be tackled successfully, but drought is an involuntary 

factor. 

In Arizona, range cattle and calves have fluctuated from 545,000 

to 635,000 head between 1978 and 1981, and total sheep varied from 

372,000 in 1975 to 510,000 in 1981 (Arizona Agricultural Statistics, 

1981). Cattle marketed from Arizona feedlots varied from 633,000 to 

919,000 from 1973 to 1979 indicating that Arizona ranchers do not produce 

all of the cattle that are fed in the state, and on January 1980 the 

total value of Arizona beef and dairy cattle was $488,250,000 while total 

value for sheep was $27,400,000 (Arizona Crop and Livestock Reporting 

Service, 1980, 1981). Smith et al. (1981) estimated the values of some 

products from Arizona ranges as $400 million from livestock to U.S. con

sumers and $15 million to Arizona producers. Other values associated with 

range are $15 million from hunters and other outdoor recreationists and 
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about $78 million per year for timber producers. In addition consider

able water valued at $20 per acre-foot contributes significantly to both 

farmers and consumers. 

In Sudan, the animal population comes second only to Ethiopia in 

the whole African continent. In 1976/77 Sudan's animal population was 

47 million head growing at an annual rate of some 3 to 4% (World Markets, 

1979). Most of these herds belong to the nomads who consider them as 

symbols of wealth and prestige, and are mainly concentrated in the 

western and southern parts of the country. 

World Markets (1979) reported that in Sudan in 1976/77 cattle 

numbered 15,832,000 head while sheep numbered 15,918,000, goats 12,116,000, 

and camels 2,828,000, and the production was targeted towards 18,905,000 

cattle, 22,132,000 sheep, 15,000,000 goats, and 3,104,000 camels at 

1982/83. 

The productivity of rangelands depends on the climate, soils, 

plant community of the site, and current and past management. Unfor

tunately, the relationship between mineral content of forages and soils 

has not received sufficient attention in Arizona. In common, the protein 

content of grasses decreases with maturity. Phosphorus (P) is frequently 

low in range grasses in southern Arizona, and studies are needed to 

determine the potential deficiencies and toxicities of elements impor

tant in plant and animal nutrition, especially P, Calcium (Ca), potassium 

(K), magnesium (Mg), zinc (Zn), copper (Cu), molybdenum (Mo), manganese 

(Mn), cobalt (Co) and selenium (Se) (Stroehlein, unpublished). Ratios 

of certain elements to one another are often as important as total 

quantities. 
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The objectives of this research were: 

1. To determine the levels of available nitrogen (N), P, K, Ca, }lg, Zn, 

Mn, Cu and Se in some Arizona dominent grasses and soils, and to 

find whether these levels in the grasses were deficient, sufficient, 

or toxic to cattle, and 

2. to determine the effect of Nand P fertilizers on the uptake of some 

of these nutrients by some grasses from soils representing four dif

ferent soil orders found on southern Arizona rangelands. 



CHAPTER 2 

LITERATURE REVIEW 

Range Nutrients 

The mineral elements required by d~iry cattle are Ca, P, Mg, K, 

sodium (Na), chloride (Cl), sulfur (S), iodine (I), iron (Fe), Cu, Co, 

Mn, Zn, Se, and Mo (National Research Council, 1971). Some of these 

elements are needed for bone formation; as constituents of the proteins 

and lipids that form the muscles, organs, blood cells and other soft 

tissues; and for use in many enzyme systems of the body. They are also 

needed for the maintenance of osmotic relationships and acid-base 

equilibria and exerting characteristic effects on the irritability of 

muscles and nerves. Epstein and Stout (1951) reported that seven of 

the fifteen essential elements known to be essential for plant growth 

must be available in the soil medium in the form of cations before they 

can be absorbed by roots. They further stated that of these seven, Ca, 

Mg, and K are required in relatively larger amounts than Fe, Mn, Zn, and 

Cu. Minor elements are so called because they are needed in only trace 

quantities by plants and animals as compared to phosphorus, calcium, and 

nitrogen which are needed in comparatively large quantities. Some of the 

minor elements playa dual role in the growing of crops; namely needed as 

nutrients for healthy plant growth and in forage crops for the normal 

health and growth of the livestock. Breazeale and McGeorge (1956) 

reported that the appearance of minor element deficiencies in crops in 

5 



6 

Arizona is widely scattered and in most cases is associated with the 

high calcium carbonate content in the soil rather than a true soil de

ficiency. They also mentioned that the protein content varies greatly 

with the stage of growth and season while the mineral elements Ca, P, 

and K are influenced more by soil fertility than the stage of growth 

and season. Many factors may influence the mineral content of forages 

and other feeds. Underwood (1962) suggested that the most important 

factors are (a) genus, species, or strain of plant, (b) type of soil, 

(c) climate or seasonal conditions during growth, and (d) stage of 

maturity of the plant. The influence of location and soil through 

parent material, pH, and fertilization has been established in some 

cases; Mo and Se contents of feeds are greatly affected by geologic 

origin. 

Adams (1975) stated that supplementation of trace elements 

appears most desirable when a value that at least approaches one stan

dard deviation below mean values is used. He reported that under cur

rent supplementation practices, Zn is the element most likely to be 

inadequate, and Mn the least likely to be limiting, while Co, Cu, I and 

Fe are apt to be provided in insufficient amounts. 

Raleigh (1973) emphasized that the first requirement in developing 

a range livestock and forage management program is a quantitative and 

qualitative inventory of forage resources including an inventory of 

nutrients at specific times during the grazing season. Mineral composi

tion of soil has an important bearing on soil fertility and plant chem

ical composition. McGeorge et al. (1935) found that P availability in 
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calcareous soils is governed by the carbon dioxide and pH of the soil, 

and showed that its availability is reduced by the presence of calcium 

carbonate. Truog (1946) noted that between pH 6.5 and 7.5 conditions are 

most favorable for P availability; between pH 7.5 and 8.5 it is reduced; 

and at pH 8.5 and higher soluble sodium phosphates which are readily av

ailable for plant use would be formed. He also noted that availabilities 

of Zn, Hn, Cu, and Fe are severely reduced at soil pH levels above 7.5. 

The National Research Council, U.S. (1971 and 1978) pointed out 

the importance of the following mineral elements for cattle as summarized 

below. 

Calcium 

A Ca deficient diet prevents normal growth and regards general 

growth and development in young calves. In mature cows it may cause a 

depletion of Ca and phosphate in the bones resulting in fragile bones and 

in reduced milk yields, but no reduction in the Ca concentration in the 

milk. Parturient paresis (milk fever) in cows is caused by a disturbance 

in Ca metabolism manifested by a marked drop in blood-serum Ca. 

Phosphorus 

With P deficiency, the mineral content of the bones is low and 

they become fragile. Appetite declines and growth rate is greatly 

reduced. 

Salt (NaCl) 

Salt deficiency is characterized by an intense craving for salt, 

lack of appetite, haggard appearance, lusterless eyes and a rough hair 



coat. In milking cows, there is a rapid loss of weight, failure of 

appetite and a decline in milk production. Terminal symptoms include 

shivering, incoordination, weakness, cardial arrythmia and death. 

Potassium 

8 

Deficiency symptoms are less appetite, loss of hair-glossiness, 

decreased pliability of hides, significantly lower blood plasma and 

milk K (Pradhan and Hemken, 1968). 

Hagnesium 

Poor diets can result in hypomagnesmia within 2 to 18 days, even 

though the previous feed was high in Mg. Among the early symptoms of }lg 

deficiency in calves are anorexia, irritability, hyperemia, and greatly 

increased excitability and susceptibility to convulsion (tetany). 

Cobalt 

Deficiency symptoms are loss of appetite, listlessness, retarded 

growth, development of anemia, muscular incoordination, rough hair coat, 

decline in milk production and high mortality rate among calves. Cobalt 

is an essential component of vitamin B12. Cattle can tolerate high 

amounts of Co relative to the minimum requirement. 

Copper 

Deficiency causes severe diarrhea followed by rapid loss in 

weight, cessation of growth, abnormal appetite, rough bleached or graying 

hair coat and anemia. Deficiency results either from too little Cu per 

se or from influences of high Mo (Ammerman, 1970; Thornton et al., 1972; 
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Underwood, 1971). Although 4 ppm eu (dry weight basis) will meet the 

requirement under some conditions, 10 ppm is a more practical minimum 

requirement. Breazeale and McGeorge (1956) stated that the mineral con

tent of most crops from high to low is in the following order: Fe, Mn, 

Zn, and eu; but eu is nonetheless essential as mineral nutrient for live

stock since there is evidence that eu functions in increasing the ability 

of plants to utilize Fe and to reduce the toxic effects of excess Mo on 

livestock. 

Molybdenum 

Molybdenum and eu are antagonistic to each other in the animal 

body; if eu is Iowa small amount of Mo is poisonous. A normal level of 

organic sulfate provides protection against a high intake of Mo by re

ducing its retention in the body. Some symptoms of molybdenosis are 

scouring, rough hair coat, dehydration, arching of the back, weakness, 

brittle bones, and, in extreme cases, death. Breazeale and McGeorge 

(1956) reported that Mo uptake by plants from alkaline-calcareous soil is 

much more active than in non-calcareous soils. Phosphate fertilization 

increased, and sulfate salts reduced Mo uptake by plants (Stout et al., 

1951). 

Iron 

Iron deficiency seldom occurs in dairy cattle under natural con

ditions except in young animals fed only milk or where there is a severe 

loss of blood because of disease or parasitic infestation; however, 

feeding Fe salts or injecting Fe dextram alleviates the anemia. The 
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iron in ferric oxide is significantly less available than Fe in ferrous 

sulfate, ferrous carbonate, or ferric chloride. Sufficiently excessive 

levels of dietary Fe can reduce weight gains and feed consumption in 

cattle. Breazeale and McGeorge (1956) stated that Fe deficiencies are 

usually caused by an immobilization of Fe in the plant rather than to a 

restricted uptake or a deficiency in the soil. 

Manganese 

The dietary need for Mn by dairy cattle is low, higher for re

production and birth. The requirement is increased by high intake of Ca 

and P. Limited research indicates that cattle can tolerate a relatively 

high level of dietary Mn without obvious adverse effects. 

Zinc 

Zinc deficiency in calves is characterized by decreased weight 

gains, lower feed efficiency, and listlessness, followed by the develop

ment of swollen feet and a general dermatitis. Animals adjust quickly to 

levels of dietary Zn by increasing or decreasing the amounts adsorbed. 

The estimated requirement for dairy cattle ~s 40 ppm in the diet and the 

toxicity threshold is estimated to range from 500 to 1,500 ppm. 

Selenium 

Extensive research has been conducted on cronic and acute Se 

poisoning. Its deficiency in farm animals results in nutritional 

muscular degradation or white muscle disease. Though not clarified, the 

biological functions of Se are closely connected with the function of 
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vitamin E. Its deficiency occurs in farm animals in much larger areas 

of the world, including much of the United States, than does Se toxicity. 

In excessively high concentrations, all nutrients, including all 

essential mineral elements can have detrimental and/or toxic effects on 

dairy cattle. Toxicity of a few of the essential mineral elements, in

cluding fluorine (F), Se, Mo, and Cu, can be a problem under practical 

feeding situations. Others that have not been shown to be essential also 

are of practical or potential concern because of tneir toxicity; these 

include lead (Pb), cadmium (Cd), and mercury (Hg). 

Murray et al. (1978) reported some estimated nutrient require

ments for animals as follows: 

Mg - 12 to 30 mg/kg of body weight/day. 

S - 0.1 % of ration dry matter. 

Mn - 1 to 10 mg/kg of ration dry matter. 

Fe - 80 to 100 mg/kg of ration dry matter. 

Na - 0.05 % of ration dry matter. 

K - 0.6 to 0.8 % of ration dry matter. 

Zn - 20 to 30 mg/kg of ration dry matter. 

Cu - 4 mg/kg of ration dry matter when feed is low in Mo and 

sulfate. 

They added that a better measure of the P requirement is the 

Ca:P (percent/percent) ratio which should be 2:1 under normal condi

tions, but can be as wide as 7:1 when sufficient vitamin D is present. 

Truog (1946) stated that in the pH range of 6 to 8, N is mostly 

available, and at a pH of 6.5 to 7.5 conditions are most favorable for 



P availability. He further reported that conditions associated with 

acidity are unfavorable regarding the availability of sulfur (8), K, 
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Ca and Mg. At strong acidity, the conditions for both the accumulation 

of 8 in organic matter and its subsequent transformation to sulfate for 

plant use are not especially favorable, and with increasing acidity, the 

amounts of the other three elements in exchangeable or readily available 

form not only decrease but are held more tightly by the excess of ex

change acids against solution and plant feeding. 

Allaway (1969) stated that the S requirement for ruminant ani

mals is best expressed in terms of N:S ratio of forage, and that the 

optimum should be from 10:1 to 15:1. 

The National Research Council (1976) estimated the optimum K 

requirements for growing and finishing steers between 0.6 to 0.8% K of 

the ration, and Hg requirements of lactating beef cows approximately 

0.18% of dry matter. Allaway (1969) reported that in many cases of 

grass tetany, feeds have contained less than 0.2% Mg; the ratio K:(Ca+Mg), 

on an equivalent basis, has been wide; and concentrations of citric, 

aconitic, or both acids have been greater than one percent in the plants. 

Kemp't Hart (1957) explained that when the ratio is less than 2.2:1 

there are few incidences of grass tetany, and indicated that the cool 

weather (spring) decreases plant uptake of K, while the uptake of Ca 

and Mg remains constant, thus causing the ratio to narrow. 

Animal requirements of Na are reported to be 500 ppm (NRC, 1976). 

Murray et al. (1978) reported that Zn:Ca and Zn:Cu ratios are of 

interest because these ions compete for absorption sites in the animal, 



and stated that the beef cattle requirement of 4 ppm Cu listed by NRC 

(1976) should be increased 2 to 3 times if Mo values are higher than 
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6 ppm because of the depression effect in Cu absorption by Mo. The 

authors found higher Fe concentrations in Saylor Creek, Idaho than the 

levels normally expected in plant tissue grown in dust-free environments 

and stated that such high values are often encountered in range plants 

which is attributed, in part, to soil contamination. 

Dietz (1970) reported that forage quality can be defined in many 

ways, but it usually is related to some animal response, such as feed 

intake, weight gain, or production of milk or wool. Nutritive composi

tion and digestibility also provide means of forage quality. 

Epstein and Stout (1951), studying the uptake of Fe, Mn, Zn, and 

eu from the adsorbed state, found that the uptake of the micronutrient 

cations (by tomato plants) was lower than approximately 0.1% of the 

cation-exchange capacity of the adsorption medium which was proportional 

to the degree of saturation of the exchange complex by the ions studied, 

and at higher levels the uptake decreased. They found that at a constant 

and low degree of saturation of the exchange complex with ferric and Zn 

ions; their uptake by plants was a function of the amounts supplied, and 

their experiments on the uptake of adsorbed Fe, Mn, and Zn associated 

with a wide range of Ca and hydrogen (H) as complementary ions shm.;red 

that high proportions of H ions were not conducive to the uptake of Fe 

and Un if these ions were held at fixed levels, but the uptake of Zn was 

increased with increasing proportions of complementary H ions. They 

stated that increasing increments of Mn displaced ions from the exchange 

complex raised the amount of Fe uptake by the roots, notwithstanding the 
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fact that Mn:Fe ratio was increased both on the exchange complex of the 

absorption medium and in solution, and found that Mn reduced transloca

tion of Fe from the roots to the shoots. 

Stout et al. (1977), in a survey of Pennsylvania forage mineral 

levels, found that the P levels in five forage types in all the study 

regions were generally inadequate for the moderately producing dairy 

cow-required levels of P (0.35-0.40%). They stated that in ruminant 

animals, high K levels in forages have been shown to decrease Mg absorp

tion and levels of Mg in blood plasma, and stressed the importance of 

improving the Mg status of grazing animals by liming pastures with 

dolomitic limestone. They concluded that although mean concentration 

levels are useful in drawing conclusions and observing trends at the 

state level, the ranges found indicate that the variability observed in 

forage mineral content is large; and comprehensive forage testing and 

feed programming based on the individual farm situation is the best means 

of ensuring proper mineral nutrition, especially for animals consuming 

considerable amount of forage. 

Reynolds and Weswig (1978) stated that the discovery in 1958 

that Se injections in calves and lambs significantly reduced losses from 

the nutritional myopathy White Muscle Disease (WMD), was a major break

through in solving a trace mineral nutrition problem, and experience 

since that time suggests that WMD is but one of many health problems of 

livestock which respond to Se supplementation. Carter et al. (1970) 

characterized the WMD by muscle tissue degradation, and the animal may 

or may not exhibit visible symptoms, depending on the muscles that are 



affected which are commonly the heart, hindquarter, forequarter and 

throat muscles. When these muscles degenerate, the animals have dif

ficulty walking, standing or swallowing until death. 
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Selenium treatment of alkaline soils may be especially diffi

cult, because Se compounds may oxidize to form soluble selenates in an 

alkaline environment (Carter et al., 1969). Grant (1965) and Hamilton 

and Beath (1963) reported that evidently Se from BaSe0
4 

on alkaline soil 

is as available for plant absorption as it is from Na
2

Se0
4 

applied to 

acid soil. 

Incidence of ~1D in calves and lambs is related to the supply 

of Se to the mother before the calves and lambs are born; and protection 

of young animals can be assured by injecting them with Se or injecting 

the mothers during gestation or supply selenium-fortified salt, if it 

were approved for use (Carter et al., 1970). Carter et al. (1969) added 

BaS0
4 

with Se compounds because CaS0
4 

or BaC1 2 application to alkaline 

soil greatly reduced Se uptake (Ravikovitch and Margolin, 1959), and S 

and Se compounds compete in plant uptake (Hurd-Karrer, 1935, 1937). 

Carter et al. (1968) reported that the animal diet level required to 

prevent WMD ranges from 0.03 to 0.10 ppm Se depending on the diet level 

of vitamin E and possibly other substances, and that livestock losses 

from selenium-responsive diseases are common in the Pacific Northwest. 

They related the Se deficiency to its availability in soils which in turn 

depends upon the geologic nature and parent material of the soils and to 

a lesser extent upon fertilizer and other practices. Their study indi

cated that the plant species sampled to represent particular locations 
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were relatively unimportant since they verified the variation in Se con

tent among plant species. 

Selenium is not known to be essential for plant growth, but its 

concentration in forage and hay crops is essential to animal health. 

Ex-tensive information about Se Toxicity to animals resulting from in

gesting plants containing from five to several thousand ppm Se is avail

able (Rosenfeld and Beath, 1964). Cary et al. (1967) reported that 

alfalfa (Medicago sativa L.) grown in the greenhouse absorbed Se in 

concentrations toxic to livestock from four of seven soils treated with 

Se at a 2.5-ppm rate as selenized concentrated superphosphate. 

Stroehlein (unpublished) reported that P is considered the most 

deficient mineral in livestock nutrition in the United States, and that 

earlier studies have shown P levels near 0.10% for lehmann lovegrass 

(Eragrostis lehmanniana Nees) in October and its content in black grama 

(Bouteloua eriopoda Torr.) varies considerably with soil and decreases 

during the growing season in southern Arizona. He also stated that arid 

soils are well supplied with Ca and K. High K content may contribute to 

grass tetany (Stout et al., 1977), especially early in the gro~ing 

season, but due to the nature of K in plant materials essentially all K 

may be removed by weathering and rainfall after maturity. The lack of ~Ig 

and its relationship to K, N, and P are important factors in grass tetany 

(Stroehlein, unpublished). Grass tetany is common in the southeast and 

in the midwest and northwest in the United States, in Europe, New 

Zealand and other countries during periods of rapid growth of cool 

season grasses and small grain pastures. Only one outbreak of grass 
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tetany has been reported in Arizona, during an unusually cold spring in 

Coconino County (Levinness, 1983). Bohn and Aba-Husayn (1971) found 

that at higher pH values, Zn uptake was reduced in alkali sacaton 

grass growing in Cochise County of Arizona. Stroehlein (unpublished) 

reported that plant deficiencies of Cu and Mo are not widely recognized 

in Arizona, and that the co content of Arizona forages is limited though 

it is deficient in many parts of the world and Se has been little in

vestigated in Arizona. 

Range Fertilization 

Despite a demonstrated potential to increase production, Wight 

(1980) stated that range fertilization is not a widely accepted tool, 

and in a survey of 20 counties in eastern Montana and western North 

Dakota he reported that only 1.2% of the native range and 9.5% of the 

introduced dryland pastures had ever been fertilized. He attributed 

this to deterrents such as economic constraints, fear of adverse effects 

of fertilization on native ecosystems, and reluctance to implement the 

grazing management necessitated by fertilization. Mentioning that K is 

the most deficient nutrient on rangelands and that yield responses to 

it are primarily a function of the available soil water supply, and vary 

with climate, site characteristics, and N rate, he reported that within 

ecosystems that respond to N fertilization, yield increases of 50 to 200% 

are common. He further reported that P deficiencies on rangeland, with 

few exceptions, are secondary to N deficiencies and responses are usually 

associated with N fertilization. RogIer and Lorenz (1973), reviewing the 

literature, reported that there were very few significant publications 
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on range fertilization before 1960, and by 1973 extremely meager re

search on that subject was carried out although some reports by a few 

investigators caused a marked upswing in interest. They attribute the 

slow acceptance of fertilization on western grasslands for economical 

reasons, the upsetting of the ecological balance of the grasslands 

especially in case of N since it can drastically alter the botanical 

compositiOl'l, and weeds often respond to an extent that more desirable 

species cannot compete. On the other hand their review reported many 

studies that have shown marked improvement in botanical composition and 

range condition as a result of fertilization. RogIer and Lorenz (1973) 

further reported that N fertilizer has been successfully used on range

lands of at least three districts in the West (i) the eastern one-third 

of the Great Plains; (ii) well-watered mountain meadows; and (iii) the 

foothill ranges of the central valley of California. Working in range 

improvement studies in North Dakota, they stated that fertilization with 

N plus weed control had done more in three years to improve depleted 

range than had complete protection or other standard methods of rotation 

or than deferred grazing would ever be expected to do. They suggested 

that the old concept that water is the primary limiting factor for grass 

production in the west should be modified to include soil fertility and 

plant nutrition. Keller (1973) stated that fertilization in areas of 

good moisture is effective but futile on drier lands, and that research 

in scattered areas of the west has shown the possibility of successful 

range fertilization in particular locations including the desert grass

land range in southern Arizona. He pointed out the disadvantages of 
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range fertilization as the possibility of greater weed growth, reduction 

in basal density with loss of certain less competitive species, problems 

with management and ground-water pollution, and the possibility of 

metabolic disorders in livestock where fertilizer is used; and the 

advantages as greater forage and livestock production, higher quality 

forage, greater carrying capacity, a longer green feed period, better 

distribution of livestock over the range, better utilization of forage, 

more efficient use of water, greater root growth and moisture foraging 

ability, more complete use of the available abundant energy, and the 

maintenance of a better ecological complex of species in combination 

with other management practices. 

Stroehlein et al. (1965) reported that much of Arizona's range 

production is limited by a low moisture supply and low soil fertility; 

and that experiments indicated that the best results will be obtained 

when fertilizers are applied after the start of the rainy season as K 

fertilizer moves readily into moist soil and is not as likely to be lost 

as when broadcast on hot dry soil prior to summer rains. They also 

pointed out the selection of soil types with good infiltration rates and 

moisture storage capacity to insure maximum benefits of rainfall. 

Stroehlein et al. (1968) found that in general the highest grass produc

tion on three desert grassland sites in southern Arizona was obtained 

when fertilizer was applied during the summer rainy season and fertilizer 

treatments generally increased the protein content of the grass; however, 

Burkholder (1967) found that black grama responded poorly to N fertiliza

tion. Ogden et al. (1967) in their experiment near Elgin, Arizona, found 

that both bred and open heifers gained more in weight per individual 
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animal on N fertilized pastures compared to non-fertilized pastures when 

grazed with the same number of heifers, and the difference was highly 

significant. A satisfactory response to fertilizer has been obtained 

on some native grass ranges (Ogden et al., 1967; Stroehlein et al., 

1965) and on seeded lehmann lovegrass ranges (Holt and Wilson, 1961; 

Stroehlein et al., 1968). Usually, however, fertilization of ranges 

is not justified (Freeman and Humphrey, 1956; Honnas et al., 1959; 

Stroehlein et al., 1968). Lack of satisfactory response is attributed 

to factors such as insufficient rainfall, poor stand of desirable 

grasses, loss of N and improper time of fertilizer application. Billy 

et al. (1973) found that for all dates of application they used, ferti

lizers significantly increased production over check plots at the final 

harvest, and that seed production was increased significantly by ferti

lization at the earliest application dates and then decreased with late

ness of application. 

Ozanne and Purser (1980) found that higher levels of applied 

phosphate fertilizer increase the P content of pastures which was 

associated with increased palatability and feed intake and often diges

tibility, and they also found that inorganic phosphate supplements in 

the feed are only partially successful in conferring these benefits. 

Robbins and Carter (1970) stated that for soils that produce low Se 

forage, applying P fertilizers that contain 20 or more ppm Se may produce 

sufficient Se to the plants to protect livestock from WMD at no addi

tional cost. Carter et ale (1972) found that by adding P on some 

alkaline and acid soils, the Se concentration increased in alfalfa, and 

concluded that there is a P X Se interaction that may be important in 
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some areas where WMD losses occur. Stout et al. (1951) stated that Mo 

uptake by plants from alkaline-calcareous soils is much more active than 

in non-calcareous soils, and found that phosphate fertilization increased, 

and sulfate salts reduced Mo uptake by plants. 

Cary and Allaway (1969, 1973) found that adding Se to soil to in

crease naturally occurring Se is inefficient though safe. They reported 

that Gissel-Nielson used foliar application of Se to barley (Hordeum 

vulgare L., 'Tern'), oats (Avena sativa, 'Condor'), and wheat (Triticum 

aestivum L., "Kolibri') and found this method safe and more efficient 

than adding Se to soil. Cary and Rutzke (1981), studying the effect of 

foliar application of Se to corn, found that selenium rate, stage of 

growth, and Se X stage of growth were highly significant (P < 1%) and 

concluded that foliar application may be an efficient and safe way to 

increase Se in feeds and forages. 

The foregoing review has brought out the relationship of 

nutrients in the soil-plant-animal system. Little has been found in 

the literature which covers all of the elements in the soil-plant-

animal system, particularly under range conditions in Arizona and for 

the important desert grasslands in particular. Therefore the following 

studies were carried out in order to add to our knowledge of nutrients in 

the soil-plant system in the desert grasslands and focusing this informa

tion toward the needs of the animals grazing these areas. 



CHAPTER 3 

MATERIALS AND METHODS 

This study was carried out through field, greenhouse and lab

oratory methods. 

Field Methods 

Composite grass and soil samples were collected randomly from 

different areas in southern Arizona in the years 1979 through 1982 for 

analysis. 

Areas covered in the study were located in the desert grassland 

of southern Arizona. Most of the areas were used in previous studies, 

or samples were taken from U.S. Forest Service enclosures. Previous 

study sites include the Santa Rita Experimental Range (Haile, 1980), 

Elgin Pastures (Ogden, Stroeh1ein and Schmutz, 1967; Vandermark, Schmutz 

and Ogden, 1971; Bryant, 1971), Research Ranch, formerly known as the 

Elgin-Hereford Ranch (Stroeh1ein et a1., 1966; Strickedanz, 1974), and 

Heady-Ashburn Ranch (Stroeh1ein et a1., 1966). Exc10sures are the 

Lopez near Sonoita, Lone Mountain near Parker Canyon Lake, and one on 

State Highway 83 between Sonoita and Cane10, all located on the Coronado 

National Forest. An additional site was on the Babocomari Ranch. From 

these areas, dominant grasses growing on known soil series as well as 

soil samples were collected for analysis. 

The dominant grasses collected were black grama (Bouteloua 

eriopoda Torr.), slender grama (~. filiformis (Forum) Griffiths), sideoats 
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grama (.!!. curtipendu1a (Hichx.) Torr.), rothrock grama (.!!. rothrockii 

Vasey), hairy grama (.!!. hirsuta Lag.), sprucetop grama (.!!. chondrosioides 

(H.B.K.) Benth.), 1ehmann lovegrass (Eragrostis 1ehmanniana Nees) , plains 

lovegrass (~. intermedia Hitchc.), Arizona cottongrass (Trichachne 

californica (Benth.) Chase), threeawn (Aristida spp.), wolf tail (Lycurus 

ph1eoides H.B.K.), curly mesquite (~i1aria be1angeri (Steud.) Nash.), 

tang1ehead (Heteropogon contortus (L.) beauv.), big sacaton (?porobo1us 

wrightii Munro), brist1egrass (Setaria spp.), calle beardgrass (Andropogon 

barbinodis Lag.), and Texas b1uestem (~. cirratus Hack.). Some of these 

grasses were separated into heads, leaves and stems and analyzed; while 

some samples were prepared from the entire above-ground tissue. 

The soils collected (composite samples of 0-6" and 6-18") in 

this study were Hathaway, Martinez, White House, Comoro, Sonoita, 

Bernardino and Pima Series. Brief information about each soil from the 

"Soil Survey of Santa Cruz and Parts of Cochise and Pima Counties, 

Arizona" (Richardson, Clemmons and Walker, 1979) is given below. 

1. Hathaway Series (Elgin Pastures) 

The Hathaway series consists of well-drained, calcareous, very 

gravelly soils about 60 inches or more in depth, with an average annual 

precipitation of 12 to 18 inches, and a mean annual temperature of 57 to 

650F. Permeability is moderate, and available water capacity is low or 

moderate. Effective rooting depth is 60 inches or more. It is classi

fied as loamy-skeletal, mixed, thermic Aridic Ca1ciusto11s. 

2. Martinez Series (Lone Mountain Exc10sure and Heady-Ashburn Ranch) 

The Martinez series consists of well-drained soils about 60 

inches or more in depth, with an average annual precipitation of 15 to 
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20 inches, and a mean annual temperature of 53 0 to 57 0 F. Permeability 

is slow or very slow, and available water capacity is high. Effective 

rooting depth is 60 inches or more. This soil is classified as very 

fine, kaolinitic, mesic Udic Haplustalfs. 

3. White House Series (Lopez Exclosure and Research Ranch) 

The White House series consists of well-drained soils that are 

about 60 inches or more in depth, with an average annual precipitation 

o 0 of 12 to 18 inches and a mean annual temperature of 57 to 65 F. Per-

meability is slow, and available water capacity is moderate or high. 

Effective rooting depth is 60 inches or more. The soil is classified 

as fine, mixed, thermic Ustollic Haplargids. 

4. Comoro Series (Santa Rita Experimental Range) 

The Comoro series consists of well-drained soils that are 60 

inches or more in depth, with an average annual precipitation of 12 to 

20 · h d 1 of 57 0 to 64 0 F. lnc es, an a mean annua temperature Permeabil ity 

is moderately rapid or rapid, and available water capacity is moderate. 

Effective rooting depth is 60 inches or more. It is classified as 

coarse-loamy, mixed, thermic Typic Torrifluvents. 

5. Sonoita Series (Santa Rita Experimental Range) 

The Sonoita series consists of well-drained soils about 60 

inches or more in depth, with an average annual precipitation of 10 to 

14 1 of 59 0 to 65 0 F. inches, and a mean annua temperature Permeability 

is moderately slow, and available water capacity is moderate. Effec-

tive rooting depth is 60 inches or more. This soil is classified as 

coarse-loamy, mixed, thermic Typic Haplargids. 



6. Bernardino Series (Elgin Pastures and Forest Service Exclosure on 
State Highway 83) 

The Bernardino series consists of well-drained soils about 60 
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inches or more in depth, with an average annual precipitation of 14 to 

20 ' h d 1 of 580 to 63 0 F. ~nc eSt an a mean annua temperature Permeability 

is moderately slow or slow, and available water capacity is moderate. 

Effective rooting depth is 60 inches or more. It is classified as fine, 

mixed, thermic Ustollic Haplargids. 

7. Pima Series (Elgin Pastures and Babocomari Ranch) 

The Pima series consists of well-drained soils that are 60 

inches or more in depth, with an average annual precipitation of 11 to 

18 ' h d 1 of 57 0 to 65 0 F. ~nc es, an a mean annua temperature Permeability 

is moderate or moderately slow, and available water capacity is high. 

Effective rooting depth is 60 inches or more. This soil was classified 

as fine-silty, mixed, thermic Anthropic Torrifluvents (currently Typic 

Torrifluvents) . 

Surface (0 to 6 inches) aud subsurface (6 to 18 inches) soils 

of each of these soil series were analyzed for n, P, Zn, ~1n, Fe, eu 

and Se. 

Greenhouse Methods 

Two greenhouse experiments were conducted with Nand N+P 

fertilizers to show whether or not fertilization increases the uptake 

of nutrients by some grasses. The first experiment was a latin square 

design of systematic subplots. Three soils, the Hathaway (Mollisols), 

Martinez (Alfisols) and White House (Aridisols), were used with three 
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treatments (control, 100 ppm N, and 100 ppm N + 100 ppm P) in three rep

lications where lehmann lovegrass was sown on January 20, 1981 in 27 

pots in the greenhouse. To simulate rain water, deionized water was 

used for irrigation three times a week. About 400 ml of water were added 

to avoid leaching and escape nutrient losses. After full growth the 

lehmann lovegrass was harvested on June 29, 1981, oven-dried at 60oC, 

ground with Wiley-mill and analyzed. 

The soils in the 27 pots were left to dry, then they were crushed, 

cleared of roots, placed in their respective pots and planted with black 

grama on July 15, 1981. They were irrigated in the same way as the 

lehmann lovegrass. The purpose of the additional study was to see if 

there is a residual effect of the fertilizers used and to determine 

nutrient uptake by black grama on the three soils. After full growth 

the black grama was harvested on November 10, 1981, and a second har

vest was possible on Uarch 15, 1982. The grass samples were processed 

as before and analyzed. 

The second experiment in the greenhouse was a factorial design 

where Comoro (Entisols) and Sonoita (Aridisols) series were used with 

three treatments (control, 100 ppm N, and 100 ppm N + 100 ppm P) repli

cated three times in pots and sown to lehmann lovegrass on Nay 26, 1982. 

The pots were also irrigated with deionized water three times a week in 

the same manner as before. The plants were harvested on October 18, 

1982 and a second cut was possible on March 2, 1983, and the samples 

were treated as before and analyzed. The soils were taken from the pots, 

oven-dried at 60oC, ground to pass 2 mm sieve and used for analysis. 

Also soil samples of the two series were analyzed before planting. 
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Laboratory Methods 

All the plant samples collected were analyzed for totaL N by 

semimicro-Kje1dah1 method (Black et a1., 1965). Most of the plant 

samples were analyzed for P after wet digestion with nitric and perch

loric acids with color development by the vanadate method. Color in

tensity was measured with a Bausch and Lomb Spectronic 20 at 440 mu. 

Selected plant samples were analyzed for K, Ca, Mg, Zn, Mn, Fe, Cu, Se, 

Co and Mo, after wet digestion, by atomic absorption and spectrophoto

meter (Gieseking, Snider and Getz, 1935; Earley, 1950; Johnson and 

Ulrich, 1959). 

All the soil samples collected were analyzed for total N using 

the semimicro-Kje1dah1 method (Black et a1., 1965). For some selected 

soil samples, sodium bicarbonate extractable P was determined (Black 

et a1., 1965) while Zn, Mn, Fe, Cu and Se were determined by atomic 

absorption and spectrophotometer after extraction with DTPA (Lindsay 

and Sorve11, 1969). 

Statistical Analysis 

Nitrogen, P, Mg and selected Se contents of 1ehmann lovegrass 

and black grama from the greenhouse experiments were statistically 

analyzed by analysis of variance and least significant difference at 

the 0.05 level using BMDP (Biomedical Computer Programs, P Series). 



CHAPTER 4 

RESULTS AND DISCUSSION 

Nutrient Status of Some Grasses Grown in 
Santa Rita Experimental Range 

Grasses are usually the most important constituent in cattle 

diets, even on predominantly shrub type ranges. Browse seldom exceeds 

20% of cattle or sheep diets, unless grass and forb availability is ex-

tremely limited (Theurer, Lesperance and Wallace, 1976). These authors 

mentioned that the use of esophageal or rumen-fistulated animals appears 

to be a better method for obtaining representative samples of the graz-

ing animal's diet than direct pasture analyses (selection, collection 

and analysis of grasses) because of the selective grazing by animals. 

However, the direct pasture analyses method was used in this study due 

to the complexity of the former method. 

Keller (1973) stated that range forage has good nutritional 

properties when young and growing, declirring with maturity, which leads 

to serious nutritional deficiencies that dictate the use of supplements. 

This trend was more or less noticed in this study as will be seen. 

Figures 1 to 18 show the levels of N, P, K, Ca, Mg, Zn, Mn, Cu, 

and Se at different dates for black grama, slender grama and Arizona 

cottongrass grown on Comoro soil (Figures 1 to 9) and Sonoita soil 

(Figures 10 to 18). The levels of Co, Mo and Fe are included in 

Appendix A. 
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Figure 1. Nitrogen content versus time in some grasses grown on Cornaro soil in Santa Rita 
Experimental Range as compared to dietary requirements for cattle. 
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The N content of black grama, slender srama and Arizona cotton-

grass grown on Cornaro soil in the Santa Pita Experimental Range 

(Figure 1) shows a decrease from August to September 1979, increasing 

in March 1980 when the spring growth started. The decline from March 

1980 continued until June 1980, rising in July 1980 (summer rains) and 

declining again in August 1980. The decline in the N content of these 

grasses follows their growth trend towards'maturity as stated by Keller 

(1973). 

For cattle just to maintain their weight 8.6% protein (1.4% N) 

is required in the ration. Looking at Figure 1 we notice that this 

requirement was not met in the time intervals between September 1979 to 

March 1980 and May through June 1980 except in March 1980. If this 

trend occurs every year, then protein supplements are needed for the 

animals grazing these grasses at the Santa Rita Experimental Range on 

pastures on predominantly Comoro soil. 

Figure 10 shows the N content of the same three grasses in the 

Santa Rita Experimental Range but grown on Sonoita soil. The data show 

N levels for the months August to November 1979 only. The pattern is 

similar to that of the same grasses grown on Comoro soil. As shown in 

Figure 10, the N content of the three grasses declined from August to 

November 1979. Black grama showed less N content than slender grama and 

Arizona cottongrass grown on both Comoro and Sonoita soils for the 

months August to November 1979. From Figure 10 it is clear that protein 

supplementation is required for cattle grazing these grasses since their 

N content is below the requirement. However, Turner and Raleigh (1977) 



reported that supplementing crude protein for economic production in 

growing animals has been shown to be impractical on desert wheatgrass 

beyond mid-August at Squaw Butte, south-central Oregon. This suggests 

the study of the economic importance of the supplementation of crude 

protein to cattle grazing in southern Arizona rangelands. 
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The results obtained about N and other nutrient levels in these 

gra~ses comply with the statement that N is the most deficient nutrient 

on rangelands (Wight, 1980). Comparing the two figures we notice that 

the N contents of the grasses grown on Comoro soil are slightly higher 

than when grown on Sonoita soil. 

Phosphorus 

The P content of the three grasses, versus time, grown 

on Comoro soil in Santa Rita Experimental Range (Figure 2) declined from 

August to October 1979 and started to rise in March 1980, remaining more 

or less constant in April 1980. The level in black grama and Arizona 

cottongrass fell below the P requirement in all months except in August 

1979 for Arizona cottongrass. For slender grama the level fell below 

the requirement in September 1979 to March 1980. This indicates that P 

supplementation season-long is necessary for livestock that graze 

areas dominated by black grama while it is required in case of the two 

other grasses from September onwards. As in the case of N, black grama 

showed a lower P content than slender grama and Arizona cottongrass. 

Figure 11 shows the P content of the three grasses versus time, 

when grown on Sonoita soil in Santa Rita Experimental Range. The levels 

of P in black grama and slender grama declined from August through 

November 1979. That of Arizona cottongrass declined from August to 
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October 1979 and rose again in November 1979, but the P level in the 

three grasses was below the requirement all the season indicating the 

need for supplementation. Again black grama showed less P content than 

slender grama and Arizona cottongrass throughout the period studied. 

Phosphorus is considered the most deficient mineral in livestock nutri

tion in the United States, and it is frequently low in range grasses 

in southern Arizona (Stroehlein, unpublished). From Figures 2 and 11, 

we notice that the P contents in the three grasses grown on Comoro soil 

are higher than when the same grasses were grown on Sonoita soil. 

Stroehlein (unpublished) also found that P content of black grama grass 

varies from one soil to another and decreases during the growing season 

in southern Arizona. 

Murray et al. (1978), from their study in southern Idaho, 

reported that the total plant P concentration trends follow a pattern 

very similar to total N, but values are lower by a factor of approxi

mately 10. Similar results are obtained from this study at Santa Rita 

Experimental Range. The same authors stated that a better measure of 

the P requirement is the Ca:P (percent/percent) ratio which should be 

2:1 under normal circumstances, but can be as wide as 7:1 when sufficient 

vitamin D is present. The National Research Council (1976) reported 

that ratios between Ca and P as 2:1 have been shown to be beneficial in 

reducing urinary calculi. 

Potassium 

The K content of the three grasses grown on Comoro soil, Santa 

Rita Experimental Range (Figure 3) declined from August to October 
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1979, but did not go below the requirement indicating that there is no 

need for K supplementation for cattle grazing these grasses. Arizona 

cottongrass content is by far higher than the contents of slender grama 

and black grama which contained the least amount of K. 

Figure 12 shows the K contents of the three grasses, versus time, 

when grown on Sonoita soil. The levels declined from August to October 

1979 in Arizona cottongrass and black grama. For slender grama the 

available data were only for August and September 1979 showing a decline 

in September. The levels in Arizona cottongrass and slender grama were 

above the requirement, but were slightly below the requirement for black 

grama in October 1979. Since this grazing area consists of a mixture of 

the three grasses, the small deficiency in black grama in October will 

be corrected as the cattle will graze all the grasses as well as some 

others not studied. Hinnant and Kothman (1982), after their study of 

some grasses in Texas, concluded that K deficiencies would be more likely 

in cold wet winters than mild dry winters and that K supplement is needed 

in areas where cattle graze predominantly warm-season grasses, in the 

dormant stage. The same authors found that the K content of the grasses 

they studied increased rapidly as plants began spring growth. 

Comparing Figures 3 and 12 we notice that the K levels of the 

three grasses are similar and little difference is shown whether these 

grasses were grown on Comoro or Sonoita soil. 

Calcium 

The Ca content of the three grasses grown on Comoro soil in 

Santa rita Experimental Range (Figure 4) decreased from August to rctober 
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1979. The decrease from August to September was abrupt. For black grama 

and slender grama there was a slight increase from September to October. 

The Ca level of the three grasses was more than the requirement for 

cattle indicating that no Ca supplement is needed for grazing livestock. 

Slender grama contained higher levels than Arizona cottongrass and black 

grama. 

Figure 13 shows the Ca content of the three grasses grown in the 

same location but on Sonoita soil. For slender grama, with only two 

months' data, the Ca content increased from August to September 1979. 

The increase in Arizona cottongrass continued to October 1979. However, 

for black grama there was a decrease to September then the content re

mained stable to October 1979. The Ca behavior, particularly in the 

grasses grown on Sonoita soil, did not follow the general pattern of 

other nutrients which decreased with time to maturity. The levels in the 

three grasses were above the requirement indicating that there is no need 

for Ca supplementation for cattle grazing these grasses. The grasses 

grown on Cornaro soil contained a little more Ca than the same grasses 

when grown on Sonoita soil. Slender grama contained more Ca than Arizona 

cottongrass and black grama in both soils. 

The ratios between Ca and P in these grasses from both soils were 

within the 2:1 to 7:1 reported by the National Research Council (1976) as 

beneficial in reducing urinary calculi. It is well known that arid soils 

are generally well supplied with Ca, although some desert grassland soils 

are non-calcareous. So whether we consider the total Ca in forage or the 

Ca:P ratio of 2:1 which is believed by some to be a better forage 



evaluation tool, the results indicated that for cattle grazing these 

grasses in Santa Rita Experimental Range, there is no need for Ca 

supplementation. 

Hagnesium 
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Magnesium level of the three grasses grown on Comoro soil in the 

Santa Rita Experimental Range (Figure 5) showed a slight decrease with 

time. The level of Arizona cottongrass decreased from August to 

September and increased slightly in October 1979. For slender grama 

and black grama the decrease was slight from August to October 1979. 

Arizona cottongrass and slender grama contained Mg above the requirement 

while black grama content was below the requirement. Lack of Mg as well 

as relationship to K, Nand P are important factors in the disease re

ferred to as grass tetany which appears during periods of rapid growth of 

cool season grass and small grain pastures, and is found in the southeast, 

midwest and northwest of the United States, Europe and New Zealand, but 

has not been identified in Arizona except near Williams in Coconino 

County in northern Arizona where ft was strongly suspected for the loss 

of some cows during the spring of 1982 when abnormally cold conditions 

prevailed (Le Viness, 1983). For this reason, in addition to the suf

ficient levels of Mg in Arizona cottongrass and slender grama, there 

appears to be no need for supplementation. 

The Mg levels in the same grasses when grown on Sonoita soil 

(Figure 14) were less than when grown on Comoro soil. As in the case 

of Comoro soil, the Mg levels of the three grasses grown on Sonoita 

soil declined with time. The levels dropped slightly from August to 
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September to October 1979 for Arizona cottongrass and black grama. For 

slender grama, available data until September 1979 only showed a stable 

level for August and September 1979. The levels in Arizona cottongrass 

were the highest in both cases, followed by slender grama and black 

grama, respectively. The magnesium levels of both slender grama and 

black grama were below the requirement. Since grass tetany is associated 

with cool season grasses and has not been identified in Arizona, Mg sup-
, 

plementation is not recommended in spite of the data presented here for 

both slender grama and black grama. The Mg contents of Arizona cotton-

grass and slender grama were hgiher when these grasses were grown on 

Comoro rather than Sonoita soil. 

Zinc 

Figure 6 shows the Zn content of the three grasses, versus time, 

grown on Comoro soil in the Santa Rita Experimental Range. For slender 

grama, the Zn level decreased from August to September and then increased 

slightly in October and November 1979. For Arizona cottongrass, the trend 

was a decline from August to September, an increase in October and a de-

crease again in November 1979. The pattern in black grama was different 

where it increased from August to September, decreased in October and in-

creased again in November 1979. The zinc level in the three grasses was 

above the requirement for cattle and hence no supplementation is required. 

It should be noticed that the Zn toxicity in cattle occurs when the grass 

dry matter content of Zn is above 500 ppm. 

Figure 15 shows the Zn content of the three grasses, versus time, 

grown on Sonoita soil. The available data for slender grama Zn content 
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was for only two months showing a decrease from August to September 1979. 

For black grama there was a decrease from August to Septernber and then 

to October 1979. For Arizona cottongrass, the pattern was irregular 

where the Zn content increased from August to September and then de

creased in October 1979. However, the contents of the three grasses were 

above the Zn requirement for cattle showing no need for supplementation. 

Stroeh1ein (unpublished) mentioned that Zn deficiencies are found 

in a few cultivated soils in Arizona. Bohn and Aba-Husayn (1971) found 

that at higher pH values, Zn uptake was reduced in alkali sacaton grass. 

Truog (1946) reported that Zn, Mn, eu and Fe availabilities are severely 

reduced at soil pH levels above 7.5. The Zn uptake in the grasses grown 

on Sonoita soil which is medium acid to neutral in the surface layer was 

slightly more than their uptake when grown on the moderately alkaline 

Comoro soil (Figures 6 and 15). In their study in the northern great 

plains, Halvorson and White (1983) concluded that in terms of Cu and Zn 

nutrition of livestock, the earlier the harvest, the better the quality 

of forage obtained from green needlegrass (Stipa viridula Trin.) and 

western wheatgrass (Agropyron smithii Rydb.). Rauzi, Painter and Dobrenz 

(1969) found that the Zn and Cu contents of blue grama and western wheat

grass declined as the growing season progressed while that of Fe and ~n 

tended to increase slightly. Murray et a1. (1978) reported decreasing 

trends in Zn concentration as the forage matures. 

Manganese 

The Mn content of the three grasses, versus time, grown on 

Comoro soil in Santa Rita Experimental Range is shown in Figure 7. 
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The content in the three grasses decreased from August to September, in

creased in October and then decreased again in November 1979. The levels 

in the three grasses were more than the Mn requirement for cattle indi

cating that there is no need for its supplementation in feeding animals 

grazing these grasses. The levels in slender grama were higher than 

those in black grama and Arizona cottongrass, respectively. 

Figure 16 shows the Mn levels of the three grasses when grown on 

Sonoita soil in the same location. For slender grama the data were 

available for only two months, and showed a slight increase in the Mn 

level August to September 1979. The levels in black grama stayed the 

same in August and September, then decreased slightly in October 1975. 

For Arizona cottongrass there was an abrupt increase from August to 

September, then an abrupt decrease in October 1979. As mentioned earlier 

Rauzi et a1. (1969) reported a slight increase in Mn and Fe contents in 

blue grama and western wheatgrass as the growing season progressed. 

Grasses generally are known to contain levels greater than 10 ppm. Bohn 

and Aba-Husayn (1971) found that Mn in alkali sacaton grass ranged from 4 

to 20 ppm and was positively correlated with soil pH in the neutral to 

alkaline range. Murray et ale (1978) mentioned that the Zn:Ca and Zn:Cu 

ratios are of interest because these ions may compete for absorption 

sites in the animal. 

The Mn levels of the three grasses grown on Sonoita soil on the 

Santa Rita Experimental Range (Figure 16) were above the requirement for 

cattle showing that there is no need for supplementation for cattle graz

ing these grasses. The Mn levels in the three grasses grown on Cornoro 

soil were higher than when the grasses were grown on Sonoita soil. 
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Copper 

The Cu content of the three grasses, versus time, grown on Comoro 

soil on the Santa Rita Experimental Range is sho~~ in Figure 8. The 

level in slender grama declined from August to September, then increased 

in October and November 1979. For Arizona cottongrass, the eu content 

decreased from August to September and October and increased in November 

1979. Copper in black grama decreased from August to September, then in

creased in October and increased abruptly in November 1979. The copper 

levels in black grama were the least till October, but in November 1979 

the level was higher than that of the other two grasses. As shown, the 

levels in the three grasses were all above the eu requirement for cattle 

indicating that there is no need for its supplementation to cattle grazing 

these grasses. 

Figure 17 shows the eu content in the three grasses when grown 

on Sonoita soil in the same location. The leve~ in black grama decreased 

from August to September and October 1979. That in Arizona cottongrass 

increased from August to September and decreased in October 1979. For 

slender grama, the data available for only two months showed an increase 

from August to September 1979. The copper levels in the three grasses 

were all above the requirement for cattle showing that there is no need 

for supplementation. 

As mentioned before, Halvorson and ~~ite (1983) stated that for 

eu and Zn nutrition of livestock, the earlier the harvest, the better 

the quality of forage obtained from green needlegrass and western wheat

grass grown in the northern great plains. Breazeale and McGeorge (1956) 

stated that there is evidence that eu functions in increasing the ability 
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of plants to utilize Fe and to reduce the t6xic effects of excess Mo on 

livestock. The National Research Council (1976) listed the Cu require

ment for beef cattle at 4 ppm in the ration dry matter and stated that 

if Ho values are high (more than 6 ppm), then dietary Cu values should 

be increased 2 to 3 times because of the depression in Cu absorption by 

~10. As shown in Appendix A, the available data show Mo levels of less 

than 6 ppm in most cases for grasses grown in Santa Rita Experimental 

Range. 

Comparing Figures 8 and 17, the same grasses grown on Sonoita 

soil contained more Cu than when grown on Comoro soil; a result different 

from the general pattern of other nutrients studied. 

Selenium 

The Se content of the three grasses, versus time, grown on 

Cornaro soil in Santa Rita Experimental Range is shown in Figure 9. The 

level in Arizona cottongrass decreased from August to September and 

October and increased slightly in November 1979. The level in slender 

grama decreased from August to September and increased slightly in 

October and November 1979. For black grama, the level decreased from 

August to September, remained stable to October and increased in 

November 1979. Arizona cottongrass contained the highest Se level. 

The levels in the three grasses were above the requirement for cattle 

showing no need for supplementation. 

Figure 18 shows the Se level of the three grasses, versus time, 

when grown on Sonoita soil in the same location. Again Arizona cotton

grass contained the highest levels of Se, showing a slight decrease from 
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August to September and an abrupt one in October 1979. The level in black 

grama was stable from August to September and then decreased slightly in 

October 1979. For slender grama, the data available for only two months 

showed a decrease in the Se level from August to September 1979. The 

levels in the three grasses were more than the Se requirement for cattle 

indicating that there is no need for supplementation. 

The toxicity level of Se is about 5 ppm and should be watched 

carefully. Yet Se deficiency occurs over many large areas of the world 

including much of the United States, and is more common than toxicity (Nat

ional Research Council, 1971; Underwood, 1971). Diet levels containing 0.3 

to 1.0 ppm Se are required for the prevention of white muscle disease, 

while concentrations greater than 5 to 15 ppm in the diet can be toxic. 

Carter et al. (1968) reported that livestock losses from Se-responsive 

diseases are common in the Pacific Northwest, particularly from white 

muscle disease which afflicts calves and lambs causing serious economic 

losses. The authors attribute the Se deficiency to its availability in 

soils where animal feeds are grown which in turn depends upon the geo

logic nature and parent material of the soils, and to a lesser extent 

upon fertilizer and other practices. Carter et al. (1970) stated that 

when range forage is still green, it contains a good supply of vitamin E, 

lowering the requirement of Se needed to prevent white muscle disease. 

This amount is below 0.10 ppm and may be as low as 0.03 ppm, while as 

the range forage dries the requirement to prevent the disease increases 

to about 0.10 ppm. 

Few investigations on Se have been made in Arizona (Stroehlein, 

unpublished), and there is a great need for more research regarding 

this element. 
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Cobalt, Molybdenum and Iron 

The available data about the micronutrients Co, Mo and Fe in the 

grasses grown on the Santa Rita Experimental Range is very limited (Appen

dix A) to the extent that no valid conclusions can be made about their 

status. The National Research Council (1976) stated that for beef 

cattle, the Co requirement is 0.05 to 0.10 mg/kg of diet dry matter, 

the Mo requirement is 0.01 mg or less per kg of dry diet while for Fe 

it stated that for the United States the a~ount of Fe present in most 

cattle feeds (80-100 mg/kg) is believed to be ample. 

The National R~search Council (1978) reported that Co is an 

essential component of vitamin B12 and that although its toxicity thres

hold level is not well defined, cattle are able to tolerate high amounts 

of Co relative to the minimum requirement. 

~10lybdenum and Cu are antagonistic to each other in the animal 

body, and if Cu is Iowa small amount of ~10 is poisonous (The National 

Research Council, 1971). Breazeale and McGeorge (1956) mentioned that 

Mo uptake by plants from alkaline-calcareous soils is much more active 

than in non-calcareous soils. 

The National Research Council (1971) stated that Fe deficiency 

seldom occurs in dairy cattle under natural conditions except in young 

animals fed only milk or where there is a severe loss of blood because 

of parasitic infections or disease. Excessive dietary Fe can ~educe 

weight gains and feed consumption in cattle. 

Table 1 shows the contents of nine nutrients in the three grasses 

sampled at different dates from the same location on the Sonoita soil. 

As shown in the table, the Nand P levels in the three grasses at 



Table 1. Some elemental contents of black grama, slender grama and Arizona cottongrass grown on 
Sonoita soil in the Santa Rita Experimental Range. 

Element 
Date of N P K Ca Mg Zn Cu f-1n 

Grass Cutting % ppm 

Black grama 9/30/1980 0.799 750 5796 1852 629 20.7 4.9 25.2 

" " 8/ 6/1981 1.160 861 8849 2917 821 33.5 16.7 54.1 

" " 8/ 5/1982 0.902 929 8828 2397 766 42.8 l3.7 68.4 

Slender grama 9/30/1980 0.962 970 6678 1901 836 35.9 8.7 39.7 

" " 8/ 6/1981 1.203 1029 10295 2304 823 44.1 26.5 71.5 

" " 8/ 5/1982 1.618 1564 12512 3631 958 32.5 7.8 87.0 

Arizona cottongrass 9/30/1980 1.462 1470 21589 1813 1728 34.1 11. 7 19.5 

" " 8/ 6/1981 1.224 1964 20949 2043 19/~4 38.0 12.8 31.4 

" " 8/ 5/1982 1.408 1647 22955 1715 1727 49.5 12.8 68.4 

Se 

2.8 

3.3 

4.3 

1.2 

1.9 

8.0 

6.9 

9.0 

6.3 
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September 30, 1980, August 6, 1981 and August 5, 1982 fell below the re

quirements (1.4% for Nand 1800 ppm for P) in most cases, while K, Ca, 

Zn, Mn, Cu and Se levels were above the requirements (6000 ppm for K, 

2000 ppm for Ca, 20 ppm for Zn, 6 ppm for Mn, 4 ppm for Cu and 0.10 ppm 

for Se). The levels of Mg were below the requirement (1800 ppm) but as 

stated before this does not indicate the need for supplementation since 

Mg deficiencies in warm season grasses is not common. 

The conclusions from Table 1 regarding the deficiencies or suf

ficiencies of these element coincide with those arrived at from Figures 

1 to 18. 

Some Element Contents in Black Grama 

Table 2 shows the contents of some elements in black grama, at 

different dates, grown on Cornaro and Sonoita soils in Santa Rita Exper

imental Range. Nitrogen, P, K, and Mn levels in black grama grown on 

Cornaro soil were higher than when grown on Sonoita soil. The copper 

levels were higher when the black grarna was grown on Sonoita soil. For 

Ca, Mg, Zn and Se, the pattern was erratic but the levels were mostly 

higher in the black grama grown on Cornaro soil. Table 5 shows that ~, 

Zn, Cu and Se contents in Cornaro soil are higher than their contents in 

Sonoita soil, while P is higher and Mn is slightly higher in Sonoita 

soil. These results show that there is no consistent pattern between 

the levels of these nutrients in black grarna and Cornaro and Sonoita soils 

on which it was grown, except for N and partly Zn and Se. 



Table 2. Some element contents in black grama grown on Cornaro and Sonoita soils in Santa Rita 
Experimental Range, harvested at different dates. 

Element 
Date of Soil N P K Ca Hg Zn Mn Cu Se 
Cutting Site % ppm 

Cornaro 1.615 1725 11845 3501 1154 42.9 70.2 14.6 1.7 
8/24/1979 

Sonoita 1.181 1110 10293 3626 1805 77.7 49.5 79.2 1.4 

Cornaro 1.112 1185 8828 3204 1038 48.6 59.8 7.1 1.1 
9/23/1979 

Sonoita 1.016 780 8330 3076 1021 45.8 50.4 38.5 1.4 

Cornaro 1.014 1110 7734 3624 1076 30.6 71. 2 11.4 1.1 
10/24/1979 

Sonoita 0.867 635 5227 3065 731 26.1 48.1 18.5 1.0 

Ci' 
N 
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Some Element Contents in Slender Grama 

Table 3 shows that N, P, Mg and Mn levels in slender grarna grown 

on Comoro soil were higher than when it was grown on Sonoita soil on the 

Santa. Rita Experimental Range. The levels of K, Ca, Zn, Cu and Se in 

slender grama grown on both soils were erratic. From Tables 3 and 5 only 

N levels were higher in both Comoro soil and the slender grama grown on 

it. Although the P and Mg levels in the slender grama grown on Comoro 

soil were higher, their levels in Sonoita soil were higher than in Comoro 

soil. The Zn, Cu and Se contents in slender grama were erratic yet 

their contents in Cornoro soil were higher than in Sonoita soil. These 

results show that there is no consistent pattern between these nutrients 

in slender grama and Comoro and Sonoita soils supporting it except for N. 

Some Element Contents in Arizona Cottongrass 

Table 4 shows that N, P and Mg levels in Arizona cottongrass 

grown on Comoro soil were higher than when grown on Sonoita soil. Al

though the other nutrients shown in the table are erratic, yet we see 

that K, Zn, Mn, Cu and Se are mostly higher in the Arizona cottongrass 

grown on Comoro soil while only the Ca content is mostly higher in the 

Arizona cottongrass grown on Sonoita soil. Table 5 shows that N, Zn, eu 

and Se are higher in Comoro soil while P and Mn are higher in Sonoita 

soil. Except for N and partly Zn, eu and Se, the results show no consis

tent pattern between the nutrients in Arizona cottongrass and Cornoro and 

Sonoita soils on which it was grown. 

Vandermark, Schmutz and Ogden (1971), studying the effects of 

soils on forage utilization in the desert grassland (Elgin Pasture Site), 



Table 3. Some element contents in slender grama grown on Cornaro and Sonoita soils in the Santa 
Rita Experimental Range, harvested at different dates. 

Element 
Date of Soil N P K Ca Hg Zn Nn Cu Se 
Cutting Site % ppm 

Comoro 2.016 2210 16258 5263 2138 64.4 95.4 35.6 3.2 
8/24/1979 

Sonoita 1.777 1515 15912 4130 1669 58.2 59.9 27.3 2.5 

Comoro 1.332 1580 10180 4058 1887 38.0 77 .4 22.4 1.4 
9/23/1979 

Sonoita 1. 270 1100 10893 4475 1653 53.3 63.6 34.4 2.0 

Cj\ 
.c--



Table 4. Some element contents of Arizona cottongrass grown on Comoro and Sonoita soils in Santa 
Rita Experimental Range, harvested at different dates. 

Element 
Date of Soil N P K Cn Hg Zn Mn Cu Se 
Cutting Site % ppm 

Comoro 2.402 2285 28395 5262 4482 49.1 67.8 25.3 5.3 
8/24/1979 

Sonoita 1.630 1575 26879 3291 2224 48.2 38.6 20.0 4.2 

Comoro 1.320 1845 20647 3426 2911 43.6 52.2 19.3 3.6 
9/23/1979 

Sonoita 1.299 1210 24152 3517 2209 109.2 69.5 30.2 4.1 

Comoro 1.160 1630 21818 3310 3567 55.4 50.5 15.0 2.8 
10/24/1979 

Sonoita 0.951 760 17366 4157 1924 25.3 44.1 23.2 2.5 

(J'\ 

V1 



Table 5. Total nitrogen, sodium bicarbonate extractable phosphorus 
and DTPA extractable micronutrients in Comoro and Sonoita 
soils collected from Santa Rita Experimental Range. 

Element ---
N P Zn Mn Fe Cu 

Soil % ppm 

66 

Se 

Comoro 0.063 5 34.9 12.0 60 0.04 

Sonoita 0.037 13 47.8 35.6 20.7 30.5 0.0 



found that there was no consistent pattern between the levels of Mg, Fe, 

Cu and Zn in blue grama and curlymesquite and Hathaway, Bernardino and 

Pima series on which they grew, neither did they find a consistent rela-

tionship between forage utilization and the levels of micronutrients. 

For N, P and K, they found that their content in Pima bottomland soil 

were higher than in the two upland soils (Hathaway and Bernardino), and 

their contents in both grasses were significantly higher on Pima soil. 

They also found close relationships between forage utilization and the 

contents of N, P and K in the plant and the soil. 

Some Element Contents in Grasses from 
Different Areas in Southern Arizona 

Appendix B shows that for different grasses grown on Hathaway 

and Bernardino soils in Elgin pastures, Comoro and Sonoita soils in 

Santa Rita Experimental Range, White House soil in Lopez Exclosure and 

the Research Ranch, Martinez soil in Heady Ashburn and Lone Mountain, 

Bernardino soil in the Forest Service Exclosure and Pima soil in 

Babocomari, the N level was in most cases lower than the requirement for 

cattle while the P was below the requirement indicating the need for 

protein and P supplementation. 

Some Element Contents in Heads, Leaves 
and Stems of Some Grasses 

Table 6 shows that for sideoats grama and plains lovegrass, the 

Nand Mg contents are higher in the heads and leaves than in the stems 

while the P content in the heads is higher than that in the leaves and 

stems respectively. It is known that livestock prefer the heads and 

leaves to the stems when grazing, which could be because the heads 
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Table 6. Nitrogen, phosphorus and magnesium contents of heads, leaves and stems of two grasses from 
southern Arizona. 

Heads Leaves Stems ------- ----------
N P Mg N P Hg N P Mg 

Description % ppm ppm % ppm ppm % ppm ppm 

Sideoats grama, Forest Service 
Exc1osure, 9/13/1982 1.497 1713 771 1. 315 1253 760 0.757 1297 361 

Sideoats grama, Lopez Exc10sure 9/13/1982 1.439 1666 1005 1.510 954 1347 0.788 762 537 

Sideoats grama, Lone Hountain " 1.034 1317 796 1. 268 854 1042 0.589 710 470 

Sideoats grama, Heady Ashburn " 1.014 1630 747 0.954 1558 1106 0.505 1263 493 

Sideoats grama, Canelo " 1.006 1028 611 0.953 608 253 0.496 414 105 

Plains lovegrass, Forest Service 1.169 1717 656 0.933 1046 677 0.440 956 359 
Exc10sure " 

Plains lovegrass, Lopez Exc10sure " 1.105 1385 921 1.209 1001 1594 0.522 692 924 

Plains lovegrass, Lone Hountain " 0.966 1192 576 0.908 927 1019 0.373 854 

Plains !ovegrass, Heady Ashburn " 0.996 1754 464 0.924 1511 398 0.347 1392 297 

Plains lovegrass, Cane10 " 0.967 1118 784 0.845 689 604 0.380 764 428 

Plains lovegrass, Elgin Pastures " LORI 1438 721 1 .127 1000 747 0.714 964 548 

-- ---. --.---~-'----- -----.---~---------

CJ'\ 
<Xl 
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and leaves contain more nutrients and taste better than the stems. Theurer 

et al. (1976) mentioned that cattle and sheep often selectively graze 

plant parts or plant species higher in protein content than the principal 

species in the available herbage, and that leaf parts consistently domin

ate dietary components of cattle and sheep grazing native ranges. 

Table 7 shows that for sideoats grama, the heads, leaves and stems 

constitute about equal proportions of the total weight of the plant while 

for plains lovegrass, the heaviest part of the plant is the heads fol

lowed by the leaves. 

Nitrogen and Phosphorus Fertilization 

The greenhouse experiments showed that the yields of lehmann love

grass and black grama grown in Nand P treated pots were increased more 

than when treated with N alone or when untreated. 

Results of the statistical analysis at the 0.05 level of signifi

cance for N, P, Mg, and in some cases for Se from these experiments are 

shown in Tables 8 to 15. 

Table 8 shows that for lehmann lovegrass grown on the Hathaway 

soil there was no significant difference between the N content in the 

lehmann lovegrass grown on the N fertilized treatment and the control while 

the N content in the grass grown on the N+P treatment was significantly low

er than both its contents in the grasses grown on the control and N treat

ment. The reason for this lower N content may be attributed to the 

dilution effect since the vegetative growth of the grass grown in the 

pots with N+P treatment was more vigorous than the grasses grown in the 

N treatment and the control. For P, there was no significant difference 



Table 7. Weight and percent of total weight of heads, leaves and stems of two grasses from 
southern Arizona. 

Heads Leaves Stems -----------
% of % of % of 

Wei~ht Total Weight Total Weight Total 
Description (g) Weight (g) Weight (g) Weight 

Sideoats grama, Forest Service 
Exc10sure 9/3/1983 8.7 23.97 12.2 33.61 15.4 42.42 

Sideoats grama, Lopez Exc10sure " 8.2 31.18 11.7 44.49 6.4 24.33 

Sideoats grama, Lone Nountain " 3.7 24.03 7.2 46.75 4.5 29.22 

Sideoats grama, Heady Ashburn " 7.7 35.16 7.0 31.96 7.2 32.88 

Sideoats grama, Cane10 " 4.8 32.43 5.9 39.87 4.1 27.70 

Plains lovegrass, Forest Service 15.0 45.87 10.8 33.03 6.9 21.10 
Exc10sure " 

Plains lovegrass, Lopez Exc10sure " 12.4 46.80 9.4 35.47 4.7 17.73 

Plains lovegrass, Lone Mountain " 9.7 44.50 9.3 42.66 2.8 12.84 

Plains lovegrass, Heady Ashburn " 17.7 60.41 7.3 24.91 4.3 14.68 

Plains lovegrass, Canelo " 11.2 50.45 6.5 29.28 4.5 20.27 

Plains lovegrass, Elgin Pastures " 10.6 41.57 9.7 38.04 5.2 20.39 
________ - - _____ - ________ ._ ----------"_--__ 0- ____________ • ______ " ____________ ------

" 0 



Table 8. Mean nitrogen, phosphorus and magnesium contents in lehmann 
lovegrass grown on Hathaway soil in the greenhouse. 

Treatment 
Element Control 100 ppm N 100 ppm N + 100 ppm P 

N % 0.812 a 0.731 a 0.348 b 

P ppm 342 a 145 a 753 b 

l1g ppm 701 a 699 a 768 a 

For each element, means followed by the same letter are not signifi
cantly different; tested by LSD at the 0.05 level. 
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Table 9. Hean nitrogen, phosphorus and magnesium contents in 
lehmann lovegrass grown on Martinez soil in the greenhouse. 

Treatment~ __ 
Element Control 100 ppm N 100 ppm N + 100 ppm P 

N % 0.704 a 0.628 a 0.450 b 

'P ppm 125 a 145 a 949 b 

Mg ppm 851 a 897 a 994 a 

72 

-------

For each element, means followed by the same letter are not signifi
cantly different; tested by LSD at the 0.05 level. 
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Table 10. ~ean nitrogen, phosphorus and magnesium contents in 
lehmann lovegrass grown on White House soil in the greenhouse. 

Element Control 
Treatment 

~----------------------100 ppm N 100 ppm N + 100 ppm P 

N % 0.696 a 0.782 a 0.519 a 

P ppm 402 a 354 a 1648 b 

Mg ppm 1149 a 1257 a 1244 a 

For each element, means followed by the same letter are not significantly 
different; tested by LSD at the 0.05 level. 
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Table 11. Hean nitrogen, phosphorus, magnesium and selenium contents 
in black grama grown on Hathaway soil in the greenhouse. 

Treatment -----
Cut Element Control 100 ppm N 100 ppm N + 100 ppm P 

First N % 0.592 a 0.672 a 0.498 a 

P ppm 815 a 712 a 1213 b 

Mg ppm 609 a 734 a 684 a 

Second N % 0.597 a 0.652 a 0.730 a 

P ppm 852 a 811 a 1337 a 

Mg ppm 824 a 898 a 783 a 

Se ppm 15.2 a 17.1 a 19.8 a 

For each element, means followed by the same letter are not signifi-
cantly different; tested by LSD at the 0.05 level. 



Table 12. Mean nitrogen, phosphorus, magnesium and selenium contents 
in black grama grown on Nartinez soil in the greenhouse. 

Treatment -----
Cut Element Control 100 ppm N 100 ppm N + 100 ppm P 

75 

--------

First N % 0.659 a 0.738 a 0.559 a 

P ppm 764 a 827 a 1506 b 

Mg ppm 1233 a 1391 a 1251 a 

Second N % 0.619 a 0.742 a 0.714 a 

P ppm 669 a 777 a 1289 a 

Ng ppm 1013 a 620 a 992 a 

Se ppm 13.7 a 7.1 a 15.1 a 

For each element, means followed by the same letter are not signifi
cantly different; tested by LSD at the 0.05 level. 



Table 13. Mean nitrogen, phosphorus, magnesium and selenium contents 
in black grama grown on White House soil in the greenhouse. 

Treatment --.. 

76 

Cut Element Control 100 ppm N 100 ppm N + 100 ppm P 

First N % 0.491 a 0.485 a 0.465 a 

P ppm 925 a 886 a 1734 b 

Mg ppm 1666 a 1513 a .. 1484 a 

Second N % 0.587 a 0.659 a 0.675 a 

P ppm 1118 a 1153 a 2721 b 

Mg ppm 1683 a 1657 a 1534 a 

Se ppm 22.1 a 14.8 a 4.4 a 

For each element, means followed by the same letter are not significantly 
different; tested by LSD at the 0.05 level. 



Table 14. ~1ean nitrogen, phosphorus and magnesium contents in 
lehmann 10vegrass grown on Sonoita soil in the greenhouse. 

Treatm,~e~n~t~ __ . ____ _ 

77 

Cut Element Control 100 ppm N 100 ppm N + 100 ppm P 

First N % 0.562 a 0.439 a 0.400 a 

P ppm 1751 a 1536 a 1761 a 

l1g ppm 910 a 472 b 638 c 

Second N % 0.754 a 0.634 a 0.690 a 

P ppm 1996 a 2019 a 2394 a 

Mg ppm 1081 a 922 a 1013 a 

For each element, means followed by the same letter are not signifi
cantly different; teste,d by LSD at the 0.05 level. 



Table 15. Mean nitrogen, phosphorus and magnesium contents in 
1ehmann lovegrass grown on Cornaro soil in the greenhouse. 

Treatment 

78 

Cut Element Control 100 ppm N 100 ppm N + 100 ppm P 

First N % 0.470 a 0.420 a 0.551 a 

P ppm 1581 a 1400 a 2573 a 

Hg ppm 963 a 889 a 1662 b 

Second N % 1.072 a 0.658 a 0.773 a 

P ppm 1795 a 2035 a 2359 a 

Hg ppm 1420 a 1702 a 1466 a 

For each element, means followed by the same letter are not signifi
cantly different; tested by LSD at the 0.05 level. 
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between its content in the grass grown on the N treatment and the control 

while its content in the grass grown on the N+P treatment was signifi

cantly higher than both values from the N treatment and the control. For 

Mg, there was no significant difference between the three treatments. 

Table 9 shows that for the lehrnann lovegrass grown on the Hartinez 

soil, the same trend occurs as when it was grown on Hathaway soil (Table 

8). There was no significant difference in the N content of the lehmann 

lovegrass grown on the N treatment and the control, but that of the grass 

grown on the N+P treatment was significantly lower than the other two. 

Phosphorus shows the same trend as N except that its content in the grass 

grown on the N+P treatment was significantly higher than in the other two 

treatments. For Mg, there was no significant difference between the 

three treatments. 

For lehmann lovegrass grown on the White House soil (Table 10) the 

Nand Mg contents were not significantly different between the three 

treatments while the P content of the lehrnann lovegrass grown on the con

trol and the N treatment was not significantly different but its content 

in the grass grown on the N+P treatment was significantly higher than that 

in the grass obtained from the other two treatments. 

Tables 11, 12 and 13 show similar results of the first cut of 

black grama grown on Hathaway, Martinez and White House soils respectively. 

The N and ~lg contents in the black grama grown on the three soils 

showed no significant differences between the three treatments. For P, 

the contents in the black grama grown on the three soils when treated 

with N+P was significantly higher than those in the grasses obtained [rom 

the other two treatments. 
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Tables 11 and 12 show similar results of the second cut of black 

grama grown on Hathaway and Martinez soils respectively. The N, P, Mg 

and Se contents in the black grama grown on both soils showed no signif

icant differences between the three treatments. 

The results of the second cut of black grama grown on the White 

House soil (Table 13) indicate that there were no significant differences 

between the N, Mg and Se contents in the black grama obtained from the 

three treatments. However, for P there was no significant difference be

tween its content in the black grama obtained from the control and the N 

treatment, but its content in the grass obtained from the N+P treatment 

was Significantly higher than in the grasses obtained from the other two 

treatments. 

Table 14 shows that for the first cut of the lehmann lovegrass 

grown on Sonoita soil, there were no significant differences in the Nand 

P contents in the grass between the three treatments. The Mg content in 

the grass obtained from the control was significantly higher than the 

other two treatments, and its content in the grass obtained from the N+P 

treatment was Significantly higher than from the N treatment. 

Comparing the mean contents of Nand P in the first cut with 

those of the second cut of black grama (Tables 11, 12, and 13) we notice 

that there are slight differences. Since the black grama was planted 

after the lehmann lovegrass, this comparison indicates that there was a 

residual effect of the N and P fertilizers. 

Table 15 shows that for the first cut of lehmann lovegrass grown 

on Cornaro soil there were no significant differences between the three 
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treatments concerning the N contents in the grass. The P results 

should be considered carefully since the data were limited particularly 

for the N+P treatment. The table shows no significant differences between 

the treatments although the value for the grass obtained from the N+P 

treatment was considerably higher. For Mg there was no significant dif

ference between its content in the grass obtained from the N treatment 

and the control, but its content in the grass obtained from the N+P treat

ment was significantly higher than its content in the grasses obtained 

from the other two treatments. 

Tables 14 and 15 also show the similar results of the second cut 

of the lehmann lovegrass grown on Sonoita and Comoro soils, respectively. 

There were no significant differences in the grass content of N. P and Mg 

between the three treatments in both soils. 

Dean and Clark (1972) found a positive correlation between N 

fertilization and K, Mg, Fe, Cu and Zn content of reed canarygrass 

(Phalaris arundinacea L.) in Manitoba. It was found that N fertilization. 

climatic variation and harvest date greatly affect the levels of Hg, Ca. 

K, P and N0
3 

in grasses (Follet et al., 1975; Crunes, Stout and Brownell, 

1970; Halvorson and White, 1981; Hayland and Crunes, 1979; \o.Thite and 

Halvorson, 1980). Stroehlein et a1. (1968) from their results stated 

that it is apparent that fertilization should be delayed until after the 

start of the summer rains for best grass production and quality. 

Schichedanz (1974), studying blue grama, spruce top grama and poverty 

threeawn at the Research Ranch (Arizona), found that N fertilization 

resulted in significant, but small, increases in total herbage production 
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when compared to unfertilized plots. Bryant (1971) studying blue grama 

and curlymesquite on the Elgin Pasture site, found that soil nitrate 

nitrogen was significantly correlated (r = 0.361 to 0.710) with leaf 

crude protein in the summer but not in the fall, and soil P was signif

icantly correlated (r = 0.0352 to 0.732) with leaf P in both the summer 

and fall. 

Burkholder (1967) found that black grama grown in the greenhouse 

on White House soil from the Research Ranch (previously called Elgin 

Hereford Ranch) responded poorly to N fertilization. Allaway (1969) 

stated that the use of N fertilizers to increase yield and/or protein 

contents of forage on cheatgrass range is not economical. 

Nutrient Levels in Some Soils 

Table 16 shows that the levels of Nand P in each of Sonoita and 

Comoro soils before and after planting are similar. A decrease after 

planting due to the uptake by grasses was expected, but it seems that 

the addition of Nand P fertilizers to the soils helped in maintaining 

the levels of these two nutrients. For Zn, Mn, Fe, Cu and Se, we notice 

a decrease after planting the two soils which could be due to the uptake 

of these elements by the grasses grown on the soils. 

Table 17 shows that N, P, Zn and Cu are higher in the surface 

(0-6") soils than in the subsurface (6-18") soils of Martinez, Pima and 

Bernardino series while Mn, Fe and Se are erratic in distribution. The 

reason that surface soils contain more nutrients than the subsurface 

soils could be because of the nutrient recycling by the grasses from the 

subsurface soils. 
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Table 16. Total nitrogen, sodium bicarbonate extractable phosphorus 
and DTPA extractable micronutrients in Sonoita and Comoro 
soils before and after planting in the greenhouse. 

Element 
N P Zn Mn Fe Cu Se 

Description % ppm 

Sonoita soil before 0.037 13.0 47.8 35.6 20.7 30.5 0 
planting 

Sonoita soil after 0.041 6.3' 5.6 27.5 18.0 33.5 0 
planting (N+P 
treatment) 

Comoro soil before 0.063 5.0 420.8 34.9 12.0 60.0 0.05 
planting 

Comoro soil after 0.067 8.0 17.3 29.3 10.2 57.3 0.03 
planting (N+P 
treatment) 



Table 17. Total nitrogen, sodium bicarbonate extractable phosphorus and DTPA extractable micro
nutrients in surface and subsurface soils. 

Element 
N P Zn Hn Fe Cu Se 

Description % ppm 

Nartinez surface soil (0-6"), Heady Ashburn 0.047 6.3 3.0 24.5 21.3 3.4 0 

Hartinez subsurface soil (6-18") Heady Ashburn 0.032 4.5 0.5 15.1 17.3 2.2 0.3 

Pima surface soil (0-6"), Babocomari Ranch 0.158 13.0 1.0 16.6 3.0 1.3 0.3 

Pima subsurface soil (6-18") Babocomari Ranch 0.124 10.0 0.7 23.1 4.3 0.6 0.1 

Bernardino surface soil (0-6"), Forest Service 0.096 1.6 1.0 27.7 15.1 1.4 0 
Exclosure 

Bernardino subsurface soil (6-18"), Forest 0.078 3.7 0.1 20.2 16.1 0.6 0.1 
Service Exclosure 

ex> 
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CHAPTER 5 

SUM}~RY AND CONCLUSIONS 

Rangeland in the world constitutes a major land type and is im

portant in many respects. Rangeland encompasses grasslands, scrub lands 

and some forest land and is a major contribution to a number of animal 

based industries. World-wide grasslands cover 30% of the land area 

while forests cover 27% and only 10% of the area is in cultivated crops. 

In the United States, 75% of the land area in the seventeen 

western states is rangeland which is more area than the entire area re

maining in the other continguous states. Additional grazing is provided 

by many forest lands. In Arizona, on January 1980, the total value of 

beef and dairy cattle was $488,250,000. 

In Sudan, the animal population comes second only to Ethiopia in 

the whole African continent. In 1976/77 Sudan's animal popUlation was 

47 million head growing at an annual rate of 3 to 4%. 

Range is important as a nutrient and energy source for animals 

since livestock can efficiently harvest forage from large areas which 

otherwise would be largely wasted. Thus ranchers use relatively little 

energy compared to farmers in carrying out their respective activities. 

The results of the study of the nutrient contents in black grama, 

slender grama and Arizona cottongrass grown on Comoro and Sonoita soils 

on the Santa Rita Experimental Range, southern Arizona indicated the 

following conclusions: 
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Nitrogen levels in the three grasses grown on both soils declined 

with time to maturity to a level below the requirement for cattle indi

cating the need for protein supplementation for grazing livestock. It is 

important to study the economic importance of protein supplementation 

before practicing it, since elsewhere it was found that it is impractical 

in many cases. The N content in Arizona cottongrass and slender grama 

were higher than in black grama, and the same grasses when grown on 

Comoro soil contained slightly more N than when they were grown on the 

adjacent Sonoita soil. During August and March the N levels were the 

highest showing that these two months which correspond to favorable rain

fall conditions are the best in the season for grazing. 

Phosphorus contents, like N, declined from August and started 

rising in March. Except in August, the levels were below the requirement 

for cattle indicating that P supplementation is needed. The P 

contents were higher in Arizona cottongrass and slender grama than in black 

grama, and the three grasses when grown on Comoro soil contained more P 

than when grown on Sonoita soil. 

Potassium contents in the three grasses declined as the season 

progressed but never fell below the requirement for cattle indicating that 

there is no need for supplementation. Arizona cottongrass content was 

much higher than the contents in the two other grasses. The K 

contents in the three grasses were similar when grown on Comoro and 

Sonoita soils. 

Calcium contents in the three grasses grown on Comoro soil de

clined with time to maturity, but for the same grasses when grown on 

Sonoita soil, the trend did not follow the general pattern of other 
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nutrients. The Ca levels in both cases were well above the requirement 

for cattle indicating that there is no need for its supplementation. 

The contents in slender grama were higher than the contents in the other 

two grasses and the three grasses when grown on Cornaro soil contained 

more Ca than when grown on Sonoita soil. 

Magnesium contents in the three grasses generally decreased 

slightly with time to maturity. ~~len grown on Cornaro soil, Arizona 

cottongrass and slender grama contained Mg above the requirement while 

black grama content was below the requirement. When grown on Sonoita 

soil, the levels in Arizona cottongrass only were above the requirement. 

Magnesium deficiencies are associated with periods of rapid growth of 

cool season grasses and small grain pastures and has not been identified 

in Arizona. Due to this reason in addition to its adequate levels in some 

grasses in the Santa Rita Experimental Range, rig supplementation is probably 

not required for livestock grazing these grasses but further studies may be 

needed. The levels in Arizona cottongrass were higher than in the other 

two grasses, and its contents in Arizona cottongrass and slender grama 

grown on Comoro soil were higher than when these grasses were grown on 

Sonoita soil. 

Zinc contents in the three grasses generally decreased with time 

to maturity but remained well above the requirement for cattle indicating 

that there is no need for supplementation nor did they reach the 500 ppm 

toxicity level. The contents in the grasses grown on Sonoita soil were 

slightly higher than when grown on Cornaro soil probably due to the favor

able pH of the Sonoita surface soil (medium acid to neutral). 



88 

Manganese contents in the three grasses decreased as the season 

progressed but the levels were well above the requirement for cattle in

dicating that there is no need for supplementation. Its content in 

slender grama was higher than in the other two grasses, and the contents 

in the three grasses grown on Comoro soil were higher than when grown on 

Sonoita soil. 

Copper contents in the three grasses decreased with time to 

maturity but increased in November. However, the levels were above the 

cattle requirement showing that there is no need for supplementation. 

The contents in the grasses grown on Sonoita soil were higher than when 

grown on Comoro soil, a result that is different from the general pattern 

of other nutrients studied. 

Selenium levels in the three grasses generally decreased with time 

as the season progressed, but there was a slight increase in November. 

The levels were above the requirement fot' cattle indicating that there is 

no need for supplementation. Arizona cottongrass contained more Se than 

the other two grasses. Although the Se toxicity level of 5 ppm is low, 

the contents in the three grasses were below that level, but Arizona 

cottongrass content came close to it during August and September. 

For other grasses collected from different areas in southern 

Arizona, the data also showed that the Nand P contents were lower than 

the requirements for cattle indicating the need for supplementing these 

two nutrients. 

In the Santa Rita Experimental Range, Arizona cottongrass con

tained levels higher than slender grama and black grama for most nutrients. 
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This variability indicates that grazing areas of mixed grasses are pre

ferrable to areas dominated by a few grasses. 

Although the three grasses when grown on Cornaro soil contained 

higher levels of most nutrient than when grown on the adjacent Sonoita 

soil, the soil analysis showed that there is no consistent pattern be

tween the nutrients in these grasses and Comoro and Sonoita soils on 

which they were gro\o,"11 except for N and to some extent Zn and Se. 

A study of the heads, leaves'and sterns of sideoats grama and 

plains lovegrass showed that the nutrient contents in the heads and 

leaves were higher than in the sterns, and that for sideoats grama, the 

heads, leaves and sterns constituted about equal proportions of the plant 

weight while for plains lovegrass, the heaviest part of the plant was 

the heads followed by the leaves. 

The greenhouse fertilizer experiment with lehrnann lovegrass 

grown on Hathaway soil showed that there was significantly less N in 

the grasses grown on the N+P treated soil compared with the control and 

the N treatment. This was probably because of the dilution effect since 

the vegetative growth was more vigorous in the N+P treatment. For P there 

was no significant difference between the control and the N treatment but 

the N+P treatment was significantly higher than bo.h treatments. For ~lg 

there were no significant differences between the three treatments. \\TIen 

the lehrnann lovegrass was grown on Martinez soil, the statistical analysis 

showed the same pattern. When grown on Hhite House soil, the Nand }1g 

contents were not significantly different between the three treatments, 
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but the P from the N+P treatment was significantly higher than the other 

two treatments which showed no significant difference between them. 

The first cut of black grama grown on the three soils above 

showed similar results where the Nand Mg contents from the three treat

ments were not significantly different while for P, the N+P treatment was 

significantly higher than the other two treatments. The second cut of 

black grama grown on Hathaway and ~lartinez soils showed similar results 

where there were no significant differences between the three treatments 

for N, P, Mg and Se contents of the grass. When grown on White House soil, 

black grama contents of N, Mg and Se showed no significant differences be

tween the three treatments, but for P, the N+P treatment was significantly 

higher than the other two treatments which showed no significant differ

ence between them. 

The first cut of 1ehmann 10vegrass grown on Sonoita soil showed 

no significant differences between the three treatments concerning the N 

and P contents in the grass. For Mg the control was significantly higher 

than the other two treatments, and the N+P treatment was significantly 

higher than the N treatment. 

The first cut of Lehmann 10vegrass grown on Comoro soil showed 

no significant differences between the three treatments regarding the N 

and P contents in the grass. For Mg the N+P treatment was significantly 

higher than the other two treatments which showed no significant differ

ence between them. 

The second cut of 1ehmann 10vegrass grown on Sonoita and Comoro 

soils showed similar results where there were no significant differences 
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in the N, P and Mg contents in the grass from the three treatments from 

both soils probably because the soils were somewhat depleted of the Nand 

P fertilizers. 

Fertilizing rangelands under rainfed conditions, although some

times unsuccessful, can be very important due to its role in increasing 

the nutrient uptake and the vegetative growth. Fertilizing with Nand P 

together seems more effective than fertilizing with N alone. 

A study of some nutrient levels in Sonoita and Comoro soils 

showed that the Nand P in each before and after planting were more or 

less the same indicating that fertilizing with Nand P helped maintain 

their levels in the soils. Available Zn, Mn, Fe, Cu and Se levels de

creased in both soils after planting which could be due to the nutrient 

uptake by the grasses grown on these soils. 

Another study showed that N, P, Zn and Cu levels were higher in 

the surface (0-6") soils than in the subsurface (6-18") soils of Hartinez, 

Pima and Bernardino series while }m, Fe and Se were erratic in distribu

tion. The reason that surface soils contained more nutrients than the 

subsurface soils could be due to the recycling of nutrients by the grasses 

from the subsurface soils. 
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ELEMENT CONTENTS OF SOHE RANGE PLANTS, 
GROWN ON COMORO AND SONOITA SOILS ON THE 
SANTA RITA EXPERIMENTAL RANGE, HARVESTED 

AT DIFFERENT DATES 
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N P K Ca Hg Zn Mn Cu Se Co Mo Fe 
Description % ppm 

COHORO SOIL 
8/24/1979 
Black grama 1.615 1725 ll845 3501 ll54 42.9 70.2 14.6 1.72 0 5.28 379.6 
Slender grama 2.016 2210 16258 5263 2138 64.4 95.4 35.6 3.18 0 0 
Arizona cottongrass 2.042 2285 28395 5262 4482 49.1 67.8 25.3 5.34 0.81 5.40 

9/23/1979 
Black grama 1.ll2 ll85 8828 3204 1038 48.6 59.8 7.1 1.12 0 0.66 136.8 
Slender grama 1.332 1580 10180 4058 1887 38.0 77 .4 22.4 1. 36 0 0 
Arizona cottongrass 1.320 1845 20647 3426 29ll 43.6 52.2 19.3 3.58 0.05 0 

10/24/1979 
Black grama 1.014 ll10 7734 3624 1076 30.6 71.2 11.4 1.12 0 0 
Slender grama 1.130 1460 9226 4316 1865 40.6 101. 7 27.2 1.60 0.25 0 
Arizona cottongrass 1.160 1630 21818 3310 3567 55.4 50.5 15.0 2.76 0.19 0 

11/24/1979 
Black grama 1.035 930 48.0 58.7 43.7 2.13 0.33 0 208.0 
Slender grama 1.107 1141 47.3 91.8 30.1 2.07 1. 39 0 
Arizona cottongrass 0.954 1169 45.7 47.0 23.0 3.06 0.72 1.87 

3/29/1980 
Black grama 2.312 2300 13132 4226 1057 37.4 39.0 17.5 2.21 
Slender grama 2.020 1940 10323 3979 1460 49.4 66.3 42.5 2.77 
Arizona cottongrass 1. 742 1590 18006 3892 2829 47.4 44.6 18.0 2.82 
Six weeks fescue 1.843 2550 
Plantago 2.450 2570 

'" w 



N P K Ca Mg Zn Nn Cu Se Co No Fe 
Description % ppm 

COHORO SOIL 
4/23/1980 
Black grama 1.522 1520 
Slender grama 1.502 1800 
Arizona cottongrass 1.594 1650 
Six weeks fescue 1.094 1760 
Plantago 1.590 1970 

6/27/1980 
Slender gra..-na 1. 285 1370 
Arizona cottongrass 1.215 1190 
Aristida 1.156 940 

7/16/1980 
Black grama 1.537 1940 
Slender grama 2.178 2220 
Arizona cottongrass 1.955 2060 
Aristida 1. 674 1840 

8/23/1980 
Black grama 1.313 1414 
Slender grama 1. 388 1790 
Arizona cottongrass 1.403 2023 
Rothrock grama 1. 770 2343 
Aristida 1. 339 

9/21/1980 
Black grama 1.033 1265 
Slender grama 0.968 1532 
Arizona cottongrass 1. 250 1993 
Aristida 1.120 

\0 
~ 



N P K Ca 
Description % 

CDr-IORO SOIL 
10/18/1980 
Black grama 0.903 1024 
Slender grama 0.937 1034 
Arizona cottongrass 1.247 1403 
Rothrock grama 1.124 1329 
Aristida 1.208 

SONOITA SOIL 
8/24/1979 
Black grama l.181 1110 10293 3626 
Slender grama 1.777 1515 15912 4130 
Arizona cottongrass 1.630 1575 26879 3291 
Fairy duster 1.950 1080 5192 9477 

9/23/1979 
Black grama 1.016 780 8330 3076 
Slender grama 1.270 1100 10893 4475 
Arizona cottongrass 1.299 1210 24152 3517 
Fairy duster 1.415 745 4070 8112 

10/24/1979 
Black grama 0.867 635 5227 3065 
Slender grama 1. 234 1035 
Arizona cottongrass 0.951 760 17366 4157 
Fairy duster 1.196 725 3965 7421 

Mg Zn f.1n Cu 
ppm 

1805 77.7 49.5 79.2" 
1669 58.2 59.9 27.3 
2224 48.2 38.6 20.0 
1410 28.4 61.4 25.1 

1021 45.8 50.4 38.5 
1653 53.3 63.6 34.4 
2209 109.2 69.5 30.2 
2216 23.8 37.0 20.4 

731 26.1 48.1 18.5 

1924 25.3 44.1 23.2 
2098 36.2 33.3 28.6 

Se Co 

1.44 0 
2.52 0.39 
4.23 0.78 
3.97 0.93 

1.42 0.57 
1.95 0.94 
4.09 1.31 
2.95 0.52 

1.01 0.58 

2.48 0.76 
2.24 0.70 

Mo 

16.21 
1.31 
0.20 
9.49 

8.71 
3.67 
1. 75 
5.17 

7.33 

4.13 
1.52 

Fe 

371.7 

518.3 

726.0 

\0 
lJ1 



N P K Ca 
Description % 

SONOITA SOIL 
11/24/1979 
Black grama 0.888 530 3436 2555 
Slender grama 1.066 770 4741 3062 
Arizona cottongrass 1.105 1100 11484 2344 
Fairy duster l.1l0 620 

Hg Zn Mn 
ppm 

483 54.3 37.6 
853 101.5 78.3 

1228 47.5 23.9 

Cll Se 

42.6 0.53 
103.1 1. 76 
12.0 l.23 

Co Mo Fe 

1.0 
(j\ 
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Description 

ELGIN PASTURES 
Hathaway Soil 
Black grarna 8/20/1980 

" " 8/6/1981 
" " 8/23/1981 

Blue grama 8/23/1981 
" II 8/6/1981 

Sideoats grarna 8/6/1981 
Hairy grama 8/6/1981 
Threeawn 8/20/1980 

Bernardino Soil 
Blue grama 8/23/1981 

Pima Soil 
Blue grama 

" tI 

8/6/1981 
8/23/1981 

SANTA RITA EXPERIMENTAL RANGE 
Comoro Soil 
Black grama 8/6/1981 

" "8/5/1982 
Slender grama 8/6/1981 

" "8/5/1982 
Arizona cottongrass 8/6/1981 

11 11 8/5/1982 
Tanglehead 8/6/1981 

" 8/5/1982 
Rothrock grama 8/5/1982 
Lehmann lovegrass 8/5/1982 

Sonoi ta Soil 
Black grama 9/30/1980 

" "8/5/1982 
" "8/6/1981 

Slender grama 9/30/1980 
11 11 8/5/1982 
11 11 8/6/1981 

Sideoats grarna 9/30/1980 
Arizona cottongrass 9/30/1980 

II 11 8/5/1982 
11 II 8/6/1981 

Rothrock grarna 9/30/1980 
II "8/5/1982 

Tang1ehead 8/6/1981 
11 8/5/1982 

N 
% 

1.657 
1.110 
1.155 
1.172 
1.440 
1.228 
1. 281 
1.421 

0.915 

1. 381 
1.101 

1.054 
1. 324 
1.153 
1. 297 
1.000 
1.128 
0.945 
0.879 
1.255 
0.904 

0.799 
0.902 
1.160 
0.962 
1.618 
1.203 
1.081 
1.462 
1.408 
1. 224 
1. 388 
1.334 
0.778 
0.862 

P 
ppm 

1020 

930 

861 
929 

750 
929 
861 
970 

1564 
1029 
1010 
1470 
1647 
1964 
1230 
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Description 

SANTA RITA EXPERIMENTAL RANGE 
Sonoita Soil 
Threeawn 9/30/1980 
Fairy duster 9/30/1980 

FOREST SERVICE EXCLOSURE 
Bernardino Soil 
Sideoats grama 8/20/1980 

" "9/20/1980 
Plain 10vegrass 8/20/1980 

" " 9/20/1980 
Cur1ymesquite 8/20/1980 

" 9/20/1980 
Arizona cottongrass 9/20/1980 
Hairy grarna 9/20/1980 
Fairy duster 8/20/1980 
Threeawn 9/20/1980 

RESEARCH RANCH 
~~ite House Soil 
Blue grama 8/20/1980 
Plains lovegrass 8/20/1980 

" "9/20/1980 
Threeawn 8/20/1980 
Sprucetop grarna 9/20/1980 

HEADY ASHBURN 
Hartinez Soil 
Sideoats grarna 8/20/1980 
Plains lovegrass 8/20/1980 
Hairy grama 8/20/1980 
Threeawn 8/20/1980 

BABOCONARI RANCH 
Pima Soil 
Big sacaton 9/20/1980 

LOPEZ EXCLOSURE 
White House Soil 
Sideoats grama 9/20/1980 

" " 8/5/1982 
Plains lovegrass 9/20/1980 
Cane beardgrass 9/20/1980 

N 
% 

1.161 
1.589 

1.584 
0.880 
1.007 
0.614 
1.869 
0.829 
0.985 
0.774 
2.176 
1.254 

2.045 
1. 678 
1.015 
1. 597 
0.937 

1.609 
1.205 
1.388 
1.300 

1. 418 

1.022 
1. 762 
1.059 
0.783 

P 
ppm 

1180 
700 

1030 
690 

1220 

1450 
640 

1370 
540 

1160 
810 

1010 
1160 

1070 
930 

2040 
1200 
1470 
1230 

1340 

1030 

870 
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N P 
Description % ppm 

LONE MOUNTAIN 
Mart inez Soil 
Black grama 8/20/1980 0.979 
Sideoats grarna 9/20/1980 0.873 570 
Lehmann lovegrass 9/20/1980 0.728 840 
B1uestem (Texas) 9/20/1980 0.412 480 
Wolf tail 9/20/1980 0.634 850 
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