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iosolids in a Chihuahuan 
Desert Ecosystem 

Biosolids offer a variety of 
opportunities to improve 

semiarid rangelands. 

By David B. Wester, Ronald E. Sosebee, 
Richard E Zartman, 

Ernest B. Fish, and J. Carlos Villalobos 

Biosolids, formerly called "sewage sludge," are a 
byproduct of waste water treatment. The U.S. pro- 
duced 7.6 million tons of biosolids in 1998, and an- 
nual biosolids production is expected to increase to 
9 million tons by 20 10. 

Land-based disposal methods include incinera- 
tion, land-filling, pelletization, composting, and 
land application. Biosolids contain organic matter 
and a host of macro- and micro-nutrients (Table 1). 

Table 1. Biosolids contain many macro- and micro-nutri- 
ents (data from field studies by Texas Tech University). 

Constituent Composition 

Total nitrogen 
Phosphorus 
Potassium 
Zinc 
Magnesium 
Manganese 
Iron 
Copper 
Boron 
Cadmium 

Because of the high nutrient value of biosolids, land 
application is the disposal method of choice. 
Biosolids can act both as a soil amendment, increas- 
ing soil organic matter, and as a fertilizer, increas- 
ing forage production and enhancing forage quality 
via recycling of valuable nutrients. 

Land application is also the most economical 

Figure 1. Biosolids are topically applied with a farm-type 
manure spreader to rangeland in west Texas. 

method of land disposal. In 1998, 43% of all 
biosolids in the U. S. were land-applied. Increased 
research and changing societal values have led to 
predictions that nearly 50% of all biosolids pro- 
duced in 20 10 may be land-applied. 

Many states have regulations restricting the condi- 
tions under which biosolids can be applied. For ex- 
ample, biosolids usually cannot be applied during 
precipitation events, or when snow or ice are on the 
ground. Thus, semiarid areas are choice locations 
for year-round biosolids application because there 
is minimal time lost to wet or cold conditions. 
Southwestern rangelands have therefore received 
increased attention as suitable areas for land appli- 
cation of biosolids (Fig. 1). Wide-open spaces re- 
mote from urban areas, equable climates, and large 
acreages in private holdings have attracted munici- 
pal and commercial sewage disposal entities to pur- 
sue possibilities of application in desert grasslands 
and shrublands in Texas, New Mexico, and 
Arizona. 

In 1992, we began a ten-year research program in- 
vestigating the effects of topically-applied biosolids 
at a Chihuahuan desert research site. We have stud- 
ied the effects of biosolids on soil properties, ero- 
sion, runoff and infiltration; soil water quality; for- 
age production and forage quality; plant ecophysio- 
logical responses; soil nutrient cycling; and live- 
stock performance. In this article, we highlight 
some of our results from these studies. 

The Research Site: Our study site includes about 
900 acres of grassland and shrubland in the north- 
ern Chihuahuan Desert near Sierra Blanca in 
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Figure 2. Map of study site in west Texas. 

Hudspeth County, Texas (Fig. 2). Climate is a 
southwestern type, with hot summers and mild win- 
ters. Annual long-term rainfall averages 12 inches, 
65% of which occurs between July and September. 

Grassland areas with loamy soils are dominated 
by tobosagrass and alkali sacaton, with widely scat- 
tered mesquite and lotebush (Fig. 3). Fine sandy 
loam soils support blue grama, black grama, and as- 
sorted dropseeds with yucca and ephedra. 
Shrublands are dominated by creosotebush; fluff- 
grass and assorted dropseeds characterize the typi- 
cally depauperate herbaceous component of this 
plant community. 

Figure 3. Tobosagrass and alkali sacaton are dominant grass- 
es in our study site, with widely scattered mesquite. 

We have coordinated over a dozen research pro- 
jects involving range scientists and soil scientists 
with a standardized methodology that includes ap- 
plication rates of 0, 3, 8, 15, and 40 dry tonslacre of 
biosolids on three range sites. Application rates reg- 
ulated by the State of Texas range from 3 to 8 
tonslacre. Our highest application rate was intended 
to document effects of excessive application far 
above amounts that would be expected in a com- 
mercial setting. 

Applications Increase Soil Water and 
Reduce Erosion 

Biosolids application has important impacts on 
hydrological processes both at a small scale and at a 
large scale. Because erosion, runoff, and infiltration 
of each square foot of rangeland are affected by 
biosolids application, we can also expect major hy- 
drological consequences on the scale of 1,000-acre 
land units that are treated in commercial application 
projects. In order to manage large-scale applica- 
tions, it is important to understand how biosolids af- 
fect the basic processes of soil water infiltration, 
runoff, and erosion. 

We used a portable rainfall simulator to study how 
infiltration and runoff are affected by biosolids. The 
simulator applied water at a rate of 6.4 incheskour 
for a 30-minute period to plots treated with 0, 3, 8, 
15, or 40 dry tonslacre of biosolids on a site domi- 
nated by tobosagrass and a site characterized by 
creosotebush. At the loamy site, we also studied the 
effects of biosolids applied on top of tobosagrass 
plants and in bare areas between plants. 
Experiments required about 2 months to complete 
after biosolids application. 

Biosolids on the soil surface reduced erosion. For 
example, in the bare areas between tobosagrass 
plants, even the lowest biosolids rate (3 tonslacre) re- 
duced erosion by about 40% compared to bare areas 
not treated with biosolids. Increased soil water infil- 
tration was associated with reduced erosion. 

These effects are consequences of at least two fac- 
tors. Topically-applied biosolids provide a surface 
cover that can absorb the impact of falling rain- 
drops. This reduces the detachment of soil particles 
that occurs during storms. Biosolids also increase 
soil organic carbon, especially at the soil surface, 
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which inhibits crust formation and further promotes 
infiltration. The net result of biosolids application is 
reduced soil erosion and runoff and increased soil 
water infiltration. 

Soil Water Quality Not Reduced 

Soil water quality issues relate to quality of water 
that infiltrates into a treated soil, and also to the 
water that runs off of a treated soil. Our research 
has investigated both of these concerns. 

The quality of water that had passed through soils 
treated with biosol ids  was s tudied with mi-  
crolysimeters constructed of 10-inch polyvinyl 
choride well casing. Tubes 2 to 3 feet in length 
were inserted into a loam soil dominated by to- 
bosagrass and a fine sandy loam soil dominated by 
black grama, extracted with a soil column intact, 
and transported to an on-site indoor laboratory. In 
one experiment, we applied biosolids to the soil sur- 
face. Water was hand-sprinkled to simulate rainfall 
until sufficient leachate was collected from the bot- 
tom of the lysimeter for chemical analysis. The 
leachate was analyzed for chloride, nitrate-nitrogen, 
pH, orthophosphates, sulfates, calcium hardness, 
and total hardness; also, we analyzed for 20 ele- 
ments including aluminum, beryllium, cadmium, 
copper, iron, lead, and molybdenum. 

In general, when biosolids affected concentrations 
of the elements we tested, these effects were ob- 
served at the highest  appl icat ion rate  of  4 0  
tonslacre. In fact, our measurements indicated that 
leachate from soi ls  t reated at ra tes  up  to  15 
tonslacre was generally within USEPA drinking 
water standards. Our results suggest that soil water 
quality associated with topical application of 
biosolids should not be a concern. 

However, when we repeated this experiment but 
mixed biosolids into the top four inches of the soil 
in the lysimeters, we found markedly different re- 
sults. For example, incorporation in the surface soil 
increased the release of mobile constituents such as 
nitrate-nitrogen, sulfate, and chloride. Nitrate-nitro- 
gen was never below drinking water standards even 
in 0 tonslacre lysimeters. 

This indicates that soil water quality may be affect- 
ed by soil disturbance, even in the absence of 
biosolids, as well as by biosolids. Our results suggest 

The USEPA has established maximum contaminant 
levels for health-related trace contaminants in drink- 
ing water. A trace contaminant is defined as an ele- 
ment or compound with a standard tolerance level al- 
lowed which is generally less than l ppm. Secondary 
maximum contaminant levels that affect aesthetic 
quality of drinking water have also been established; 
secondary maximum contaminant levels are not relat- 
ed to health issues. 

that water quality of leachate is well within the range 
of drinking water standards when biosolids are topi- 
cally applied at commercially-regulated rates. 

Runoff Water Quality Is Acceptable 

We also studied the quality of runoff water from 
biosolids-treated soils. All of the trace elements and 
compounds for which a maximum contaminant 
level has been established were below this level in 
our runoff water. Likewise, those elements and 
compounds for which a secondary maximum conta- 
minant level has been established were well below 
this level except for manganese. Runoff water thus 
generally meets USEPA standards for drinking 
water at all application rates except 40 tonslacre of 
biosolids. 

Little Ammonia Nitrogen Is Lost 

State and federal regulatory agency guidelines for 
biosolids application are based on the balance be- 
tween nitrogen needs of a plant and "plant available 
nitrogen" supplied by biosolids. This approach is 
used because nitrogen in biosolids can be lost via 
ammonia volatilization; thus, plant available nitro- 
gen is more important than total nitrogen in estab- 
lishing application rates that are beneficial for plant 
growth. 

We studied ammonia volatilization from biosolids 
as it was influenced by "hot" (68 to 97' F), "inter- 
mediate" (43 to 73' F), or "cool" (25 to 57' F) tem- 
peratures. Less than 10% of the applied ammonia- 
nitrogen was lost via volatilization in the first three 
days following 3 tonslacre application under cool 
conditions; under hot conditions, about 16% of the 
ammonia-nitrogen was volatilized within three 
days. 
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Air temperature is especially important in the 
volatilization process during the first few days fol- 
lowing biosolids application. Slow drying condi- 
tions allowed for more volatilization to occur over a 
longer time period than when drying was rapid. 

Air temperature during and after application also 
can affect degradation of biosolids. We studied this 
issue by measuring C 0 2  losses over a 29-day period 
from biosolids applied to a clay loam soil in a 
sealed, forced-air chamber. The conditions in the 
chamber [three temperatures (41, 73 or 100" F) and 
two initial gravimetric soil water contents (5 or 
15%)] were similar to conditions at the field test 
site at Sierra Blanca, Texas. 

Immediately after biosolids application, we de- 
tected an initial loss of C02  that was not caused by 
microbial degradation. For the next 52 hours of the 
experiment following this initial C 0 2  loss, carbon 
loss increased significantly as temperature in- 
creased. After this time, however, carbon loss was 
not related to temperature. Since temperature does 
not affect carbon loss beyond 2 days after applica- 
tion, and we measured carbon loss even at tempera- 
tures as cool as 41" F, we conclude that biosolids 
may be applied throughout the year (local weather 
permitting). 

Increased Forage Production 

In addition to adding micro- and macro-nutrients, 
biosolids on the soil surface provides a physical 
mulching effect that moderates soil surface temper- 
atures and reduces soil water evaporation. These 
benefits are expected to vary depending on rate, 
season, and frequency of biosolids application. 
Several of our studies investigated the combined ef- 
fects of rate (0 to 40 tonslacre), season (dormant or 
growing), and frequency (1  year only, or 2, 3, or 4 
consecutive years) of biosolids application on to- 
bosagrass and alkali sacaton forage production. We 
also studied the effects of supplemental irrigation. 

The impact of season of application on grass pro- 
duction was important only during the first growing 
season following application. Standing crops of to- 
bosagrass and alkali sacaton were enhanced more 
when biosolids were applied during the previous 
dormant season (early March) than during the 
growing season (early July). Standing crop of these 

Bi<brolids Application Kale (ton\iacrc) 

Figure 4. TohoLsugru.s.s~fi,ruge prodcrction at the end o f1996  
in nonivriguted plots thut were treated ~ ' i t h  Diosoli~ls ,fbv 
one yeur only (in 1993), or ,fbr two years (1993, 1994), 
three yeurs (I 993-1995) or,fi,ur yeuia.s (I 993-1996), 

species during the second and subsequent growing 
seasons was not affected by season of application. 

In general, although standing crop increased as 
biosolids application rate increased, it increased at a 
decreasing rate (Fig. 4). Standing crop usually de- 
creased at the 40 tonslacre rate, especially after 
multiple applications, compared to lower applica- 
tion rates. However, in allnost every case we inves- 
tigated, standing crop in treated plots equaled or ex- 
ceeded standing crop in untreated plots. Wc con- 
clude that biosolids generally have a neutral or pos- 
itive effect on aboveground production of these 
species. And from our irrigation studies, we learned 
that the beneficial effects of biosolids on forage 
production did not depend on water availability. 

Measurements of standing crop are production- 
oriented indices of plant response to biosolids. We 
also investigated how biosolids applications affect 
leaf area, photosynthesis, and water use efficiency 
of tobosagrass and blue grama. 

In general, leaf area was increased by biosolids 
when soil water was adequate. Tobosagrass photo- 
synthesis on the first day following irrigation was 
also increased by biosolids application; although 
photosynthesis decreased thereafter, it was still 
higher in irrigated and biosolids-treated plants than 
in untreated plants. Blue grama had higher photo- 
synthet ic  rates  when t reated with biosolids.  
Biosolids application also increased water use effi- 
ciency of our plants. Greater leaf area and higher 
photosynthetic rates are involved in overall plant pro- 
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duction responses to biosolids, especially when soil 
water is not limited. Under limiting soil water condi- 
tions, biosolids appear to exert a beneficial effect on 
Aant growth by improving water use efficiency. 

Forage Quality Is Improved 

Although increasing forage production with 
biosolids is an important benefit to a producer, it is 
equally important that the nutrient quality of the 
forage is enhanced by biosolids. After a one-time- 
only autumn application of biosolids, we detected 
increases in plant total kjeldahl nitrogen, magne- 
sium, manganese, and sodium in leaf and stem ma- 
terial. For elements that showed increases as a re- 
sult of biosolids application, none are increased to 
levels considered excessive or toxic. Additionally, 
increases in plant nitrogen from a single biosolids 
application carried over for at least four years after 
application (Fig. 5). 

1.2 -I 1 

0 2 4 6 8 10 12 14 16 

Biosolids Application Rate (tonslacre) 

Figure 5. Tobosagrass ,forage nitrogen in plants that were 
treated in 1994, and measured in 1994, 1995, 1996, or 
1997. 

Plant Establishment Can Be Enhanced 

Semiarid rangelands are often unfavorable envi- 
ronments for plant establishment. Low soil moisture 
and extreme soil temperatures limit opportunities 
for seed germination and seedling establishment, 
making rehabilitation efforts both expensive and 
unpredictable. We would expect the soil coverage 
created by topically-applied biosolids to modify mi- 
croenvironmental conditions and thus potentially 
affect plant establishment. 

In greenhouse and field studies, biosolids often re- 
duced maximum soil surface temperatures and in- 
creased minimum soil temperatures, thus moderat- 
ing extreme temperature fluctuations. The mulching 
effect of biosolids usually reduced soil water evapo- 
rative losses. 

These microenvironmental changes were expected 
to improve seedling emergence. Results suggested, 
however, that plant response to these conditions is 
complicated by the degree of severity of the pre- 
vailing environment. Under excessively harsh con- 
ditions (e.g., no rainfall and extremely high temper- 
atures), the beneficial effects of biosolids were sim- 
ply inadequate to overcome the forbidding environ- 
ment. In contrast, under more favorable conditions 
(e.g., following plentiful rainfall), seedling emer- 
gence was similar in sites treated with biosolids and 
in nontreated sites-the benefits provided by 
biosolids were not needed by emerging seedlings. 
Under intermediate conditions, however, topically- 
applied biosolids improved seedling emergence and 
prolonged the conditions needed for seedling sur- 
vival. Thus, we anticipate long-term benefits of 
biosolids application to increase plant density, but 
these effects will depend on moisture and tempera- 
ture conditions during the time of seed germination 
and seedling establishment. 

Livestock Response 

With increased forage production and improved 
forage quality, we would expect the benefits of 
biosolids application to be seen in animal perfor- 
mance as well. Results suggest that stocker cattle 
grazing biosolids-treated rangeland dominated by 
blue grama, sand dropseed, black grama, and burro- 
grass gained up to half a pound more per head per 
day than cattle grazing nontreated rangeland, under 
favorable growing conditions the year after applica- 
tion. Our grazing behavior studies showed that 
steers selected biosolids-treated vegetation about 
56% of the time when they had free choice between 
treated and nontreated rangeland (Fig. 6 ) .  Cattle 
grazing on biosolids-treated rangeland had similar 
in aluminum, cadmium, copper, magnesium, man- 
ganese, lead, and zinc contents compared to cattle 
grazing similar but non-treated range. These results 
suggest that with proper management, biosolids ap- 
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Nevertheless, from most perspectives, the benefits 
that follow from responsible application of 
biosolids to southwestern rangelands will lead to 
overall rangeland improvement. 
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Conclusions 
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When biosolids that are free from excessive trace 
elements and pathogens are topically applied to arid 
and semiarid rangelands in accordance with respon- 
sible regulation and on-site management, our results 
show that a host of consequences follows, including: 

reduced soil erosion and soil water runoff, 
increased soil water infiltration, 
acceptable soil water quality, 
enhanced plant water use efficiency, 
increased forage production, 
improved forage quality, and 
enhanced animal performance. 
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integrated with overall management goals and ob- 
jectives, and range managers and land applicators 
will have operation-specific needs and constraints. 


	azu_rangelands_v25_n4_27_m.tif
	azu_rangelands_v25_n4_28_m.tif
	azu_rangelands_v25_n4_29_m.tif
	azu_rangelands_v25_n4_30_m.tif
	azu_rangelands_v25_n4_31_m.tif
	azu_rangelands_v25_n4_32_m.tif

