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ABSTRACT 

The success of any revegetation project in the arid Southwest 

often hinges upon the availability of moisture for plant establishment 

and growth. Irrigation, mulching, and cultural treatments are the 

usual methods for increasing the limited and erratic natural precipita

tion. An alternative method for improving the moisture supply by 

increasing a soil's moisture-holding capacity with the addition of 

certain water holding polymers is the subject of this research. 

Recently, starch-based acrylonitrite polymers capable of holding 

up to 2000 times their weight in water have been developed. While 

further testing is needed before the extent of these products1 useful

ness is known, the results of this research indicates that these poly

mers if successfully incorporated with the planting media have the 

potential for increasing plant survival on arid sites by increasing 

the amount and duration of plant available moisture, retarding evapor-

ational and leaching losses, and by decreasing soil temperature variation. 

viii 



INTRODUCTION 

The vegetation on some Southwestern rangelands and watersheds 

has been seriously altered by man's activities, creating drastically 

disturbed sites. Disturbed sites may result from surface mining, 

disposal sites, and major construction projects such as road building 

and industrial developments (Manuel 1982; Takyi, Rowell and McGill 

1977, Ferguson and Monsen 1974). While these are probably the most 

dramatic and often cited causes of drastically disturbed sites, fire, 

logging, and even grazing contribute significant percentages to the 

total area of these disturbed lands (Haase 1980, Monsen and Christensen 

1975, Richardson et al. 1975, Aldon 1973). 

These areas are typically characterized by a loss of native 

vegetation and animal communities and the alteration or removal of 

the topsoil (Moore, Koehler and Kling 1975, NAS 1974, Aldon 1973). 

Frequently, devastation is so complete that few plants remain to 

colonize the bare surfaces (Monsen and Plummer 1978, Aldon 1973, 

Dean and Haven 1971). Land rehabilitation or reclamation is necessary 

for site stabilization and to return the land to some level of pro

ductivity (Orr 1975, Vyle 1973, Bleak et al. 1965). 

The problems associated with land reclamation in arid regions 

are ecological or economical. Together, they profoundly influence 

the success of any reclamation project, and success is determined 

by the effective compromise of these two constraints (Buchanan and 

Graves 1980, McKell 1978, Orr 1975). In the Southwest, the integral 

1 
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link between ecological and economic considerations is water in the 

right amounts and at the proper times to promote plant establishment 

and growth (Vallentine 1980, Hodder 1977, Newman 1971). Sparse, 

undependable rainfall combined with low humidities, high evaporation 

rates, and wide diurnal temperature fluctuations the Southwest*s 

inhospitable environment for vegetation establishment (Larson et 

al. 1981, McKell 1978, NAS 1974, Humphrey 1958). This limited water 

supply is cited as the principal cause of vegetation failures in 

the Southwest (Vallentine 1980, Barnhisel et al. 1975, Wahlquist 

et al. 1975, Aldon 1972). 

In addition, arid soils are typically low in organic matter 

and retain very little moisture or nutrients (Vyle 1973, Dean and 

Haven 1971, Salter and Williams 1967). On disturbed sites very often 

little or no soil profile is left and any organic matter once present 

has been buried or removed (Box 1978, Gardner and Woolshiser 1978, 

Austin and Borrelli 1971). This condition, coupled with steep slopes, 

intensifies water losses (McKenzie 1980, Smith and Sobek 1978, Bleak 

et al. 1965). 

There are key periods in the Southwest, both in winter and 

summer, when environmental factors are naturally more conducive to 

plant establishment than other periods. At these times, moisture 

and temperature are more favorable for the planting of appropriate 

cool or warm-season plants, depending on their requirements for initial 

active growth (Jordan 1980, Ries, Power and Sandoval 1976, NAS 197^» 

Nielson 1971). Thus, a properly designed reclamation program considers 
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moisture and temperature requirements in relation to the physiology 

of a species (Davidson 1969, Garwood 1968). However, the costs associ

ated with reclamation projects are usually high. This is particularly 

true when water is scarce, and companies cannot afford the additional 

costs of idle men and equipment waiting for optimal planting conditions 

to occur (Cull and DePuitt 1978, Cook, Hyde and Sims 1971), Austin 

and Borrelli 1971). Therefore, it would be extremely beneficial 

to both people and plants if optimal moisture conditions required 

for plant establishment could be artificially induced or prolonged 

(Richardson et al. 1975, Power, Sandoval and Ries 1975, Cook et al. 

1974). The real challenge of reclamation and revegetation is then 

one of finding a cost-effective means of providing sufficient moisture 

for vegetation when it is needed for plant growth (Buchanan and Graves 

1980, Bennett et al. 1978, McKell 1978, Aldon 1973). 

The purpose of this study was to explore one possible method 

of increasing available soil moisture, and thus, plant survival on 

critically disturbed sites. Specifically, it was to test the feasi

bility of using certain man-made water-holding polymers which physical

ly hold water in the soil matrix. By retarding moisture loss, both 

evaporative and gravitational, moisture is available longer for plant 

use. The limited testing of the potential uses of these polymers 

completed to date (Gehring and Lewis 1980, Gibson and Whitcomb 

1980, Munday 1980, Perry 1960, Still 1976), indicates they could 

in c r e a s e  a  soi l ' s  w a t e r - h o l d i n g  c a p a c i t y  o n  d i s t u r b e d  a r e a s  a n d  d e 

crease stress to transplanted species and increase their survival. 



The specific objectives of this research were as follows: 

1) To determine the effectiveness of a starch-based acrylonitrile 

polymer, TERRA-SORB, in enhancing soil moisture retention and increas

ing available plant moisture. 

2) To evaluate the feasibility of using such polymers as a soil 

amendment to increase transplant establishment and survival on drast

ically disturbed areas. 

3) If polymer amendments do function as an aide to available 

plant moisture, to explore the relationship of additional moisture 

on soil temperature and transplant survival of cool versus warm-season 

/ 

plant species and deciduous versus evergreen species. 



LITERATURE REVIEW 

Nature of Critical Areas 

A critically disturbed area is defined as an area where the 

original plant and animal communities, along with the soil complex, 

have been destroyed or significantly altered in structure or composi

tion (Box 1978, Pommerening 1977» Richardson et al. 1975). These 

areas can be thought of as scars on the land produced when man digs, 

scrapes, burns, or otherwise devastates the earth's surface. The 

resulting cover, topography, and soils often bear little resemblance 

physically or chemically to their former state, leaving steep barren 

slopes, poor soil structure and texture, a lack of organic matter, 

and high erosion potentials (Campbell et al. 1979* Ferguson and Monsen 

197^» Austin and Borrelli 1971)-

Specific characteristics of critical areas varies with location 

and cause of disturbance. In the Southwest these sites frequently 

are associated with pH problems (Smith and Sobek 1978, Moore et al. 

1975), coarse-textured soils (Richardson et al. 1975), the absence 

of soil organic matter and associated micro-organisms (Campbell et 

al. 1979, Dean and Haven 1971), poor soil moisture retention ability 

(Jordan 1980, Vyle 1973), high soil surface temperatures and wide 

diurnal fluctuations (Vallentine 1980), and rapid evaporative losses 

(NAS 1974, Humphrey 1958). Mining and road construction often create 

steep slopes which intensify soil moisture losses and erosion hazards 

(Gardner and Woolshiser 1978, Austin and Borrelli 1971). In addition, 

5 
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mine tailings or wastes may contain significant amounts of salts, 

chemicals, or toxic residues (Campbell et al. 1979j Sturn et al. 

1979, Gould, Rai and Wierenga 1975). Soil compaction is another 

commonly encountered problem which causes poor water infiltration 

and aeration, and increased surface runoff. 

These characteristics may lead to problems with water pollution 

from chemical wastes, and a loss of soil, aesthetics and land produc

tivity (Cook et al. 1974, Aldon 1973, Austin and Borrelli 1971). 

Value of Reclamation 

The primary objective and value of any area reclamation effort 

is physical site stabilization to reduce erosion losses, improvement 

of aesthetics, and the returned availability of the land for future 

use (McKell 1978, Monsen and Plummer 1978, Orr 1975). The successful 

achievement of these goals is promoted and frequently mandated by 

societal pressures and government legislation. 

Stabilization of critically disturbed sites is alternately 

called area stabilization, land restoration, reclamation, or rehabil

itation. Area stabilization generally implies temporary mechanical 

methods such as compacting, grading, contouring or surface binding 

treatments to retard soil erosion or runoff (Thames and Verma 1975). 

Restoration, in its strictest sense is impossible; cliffs, rocks 

and other land features cannot be restored. Land reclamation or 

rehabilitation are the preferred terms, implying the return of the 

land to some level of productivity (McKenzie 1980, Box 1978). Reclama

tion or rehabilitation are used interchangeably and can be defined 
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as the process of managing disturbed lands in a manner which yields 

a productivity level and capability consistent with the intended 

future land uses (Aldon 1978, Cook et al. 1974). Additionally, it 

is desireable to reclaim the land in a manner compatible with the 

aesthetics and uses of the surrounding land while simultaneously 

minimizing environmental damage (Dean and Haven 1971). 

Often, due to the size or severity of the disturbance, or 

harsh environmental conditions, the disturbed site cannot heal complete 

ly or swiftly enough unaided to prevent further degradation and pol

lution problems (Box 1978F Cook et al. 197^> Bleak et al. 1965). 

It is not only economically and ecologically unsound to allow these 

sites to remain unproductive, but also socially desireable and at 

times legally necessary to implement a reclamation program (Dixon 

1980, Paone, Struthers and Johnson 1978, Richardson et al. 1975). 

Most states now operate under Federal and State laws requiring 

that drastically disturbed areas be rehabilitated to some stated 

level of productivity within a reasonable time frame (Manuel 1982, 

Dixon 1980, Box 1978, NAS 1977). Although land stabilization may 

be accomplished by physically or chemically treating the soils, aesthet 

ics and post-disturbance land uses usually necessitate that revegeta-

tion play an integral role in the process. Revegetation has been 

cited as one of the most critical concerns in the reclamation of 

disturbed sites (McKenzie 1980, Bengson 1978, Orr 1975, Thames and 

Verma 1975), requiring judicious pre-disturbance planning and careful 

implementation if it is to be successful. 
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The value of revegetation is obvious. Vegetation is an aesthet

ic improvement over bare soil and it broadens the post-disturbance 

land-use potentials. The specific benefits obtained from vegetation 

depend upon the species used and inherent site characteristics, and 

include the following: cover and forage for livestock and wildlife 

(Allaire 1980, Bjudstad 1978, Monsen and Plummer 1978, Orr 1975); 

habitat for animals, insects and needed micro-organisms (Plummer 

and Christensen 1978, Power, Sandoval and Ries 1978, Wali 1975); 

recreational potentials (Buchanan and Graves 1980, Day and Ludeke 

1980, Pommerening 1977); and soil protection (Ries et al. 1976, Monsen 

1975). 

Vegetation also ultimately improves soil texture, nutrient 

and water availability, fertility, and structure by supplying a contin

ual source of organic matter (Tinus 1974, Day and Ludeke 1973). 

Roots help hold soils in place (Ferguson and Monsen 1974, Megahan 

1974), and foilage cover can decrease both soil temperature extremes 

and temperature fluctuations (Monsen 1975, McArthur, Giunta and Plummer 

1974), and minimize evaporative losses (Aldon 1973, Dean and Haven 

1971). 

Constraints to Vegetative Rehabilitation 

Successful vegetative rehabilitation is essentially the process 

of developing an environment conducive to the conservation and effi

cient utilization of precipitation by productive vegetation (McKenzie 

1980, Hodder 1978, Power et al. 1978, Ries et al. 1976). Vegetation 

should also be self-perpetuating and appropriate for post-disturbance 



land uses (Haase 1980, Cook et al. 1974). It should be pointed out 

that the potential of any area for revegetation is very site-specific 

(Bonham 1980, Cook et al* 1974); but even a site having a high poten

tial will not revegetate successfully unless pre-set goals are realized 

and relative stability achieved (Power et al. 1978, Hies et al. 1976, 

Thames and Verma 1975). Effective planning before any disturbance 

occurs optimizes the use of local resources and aids the establishment 

of a cost-effective revegetation program (McKenzie 1980, Taylor 1980, 

McKell 1978, Paone et al. 1978). This planning considers the factors 

influencing plant establishment, both edaphic and climatic (Allaire 

1980, Monaen and Christensen 1975, Plummer, Christensen and Monsen 

1968). 

The edaphic constraints to plant establishment are those 

pertaining to soil and topography. Topsoil is often minimal or lack

ing, thus the organic matter and nutrients needed for good soil tex

ture, structure and nutrition are likewise absent (Cook et al. 1974, 

Day and Ludeke 1973)* The lack of a protective soil organic layer 

can also result in soil crusting and reduced infiltration into the 

soil (Maneval 1982, Gardener and Woolsher 1978). Soil compaction 

may also present a problem if heavy machinery is used to consolidate 

the loose, disturbed soil material. Compacted soils restrict plant 

root development and growth by reducing water infiltration and aera

tion, destroying soil structure which influences moisture and nutrient 

availability and physically inhibits root growth by the density of 

the surrounding material. 
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Mining disposal sites may leave chemical waste material in 

the soil which is injurious to plants (Takyi et al. 1977, Gould et 

al. 1975). Sometimes these materials may be toxic in themselves 

or they may be injurious due to their concentrations. Acid drainage 

and toxicity problems from mining (Berg and Vogel 1973» Hill 1970), 

and highway construction (Miller et al. 1976), are well documented 

and commonly cause revegetation problems (Bohn 1983, Smith and Sobek 

1978, Takyi et al. 1977). Other disturbances have resulted in creating 

excessive alkaline or saline conditions for plant growth (Cambell 

et al. 1979, Gould et al. 1975, Cook et al. 197*0. 

Some climatic constraints to revegetation have been previously 

mentioned, but bear repeating briefly here due to their profound 

influence on the success of a revegetation effort. McKell (1978) 

states: "Efforts to revegetate disturbed areas, disposal sites, 

construction projects, and even depleted rangelands have generally 

met with failure because of harsh environmental conditons" (Pg. 14). 

Moisture has been stressed as the most limiting factor in the South

west; however, temperature and sometimes wind influence successful 

plant establishment. It is the combination of adequate moisture 

and optimal soil and air temperatures for a particular plant species 

which determines the climatic suitability of a site for revegetation. 

The necessary combination for most native species to become established 

occurs only once every 7-10 years (Wahlquist et al. 1975, NAS 1974). 

Therefore, in order to reestablish vegetation on a disturbed site 



11 

before erosional problems occur, water and soil temperatures must 

be manipulated to more closely approximate optimal conditions. 

The reclamation process must develop an environment conducive 

to the conservation and efficient utilization of precipitation by 

productive vegetation (Hodder 1978). To achieve this goal, many 

types of cultural practices such as mulching, irrigation, adding 

soil amendments or treatments and physically manipulating the site 

are employed. 

Factors Affecting Transplant Survival 

It is these edaphic and climatic constraints in combination 

with the reclamation specialist's ability to modify conditions which 

determines the types of species which may be successfully planted. 

If shrub or tree species are chosen for planting, it is generally 

accepted that transplanting is more successful than direct seeding 

methods (Monsen and Plummer 1978, Bleak et al. 1965). This is due 

to a variety of reasons related to drought tolerance, germination 

requirements and root development, among other things. Drought toler

ance, for example, is a plant characteristic which varies both inter

species and intraspecies. Even those species generally recognized 

as being drought hardy may be sensitive during the extremely critical 

establishment period immediately following germination. Experimental 

findings of the Study Committee on the Potential for Rehabilitating 

Lands Surface Mined for Coal in the Western U.S. (NAS 1974) indicate 

a high mortality rate among viable shrub seed from the time of planting 

until seedling establishment. Less than ten percent of the viable 
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seed emerged and less than fifty percent of those surviving made 

it beyond the second growing season. 

The use of bare root or containerized stock avoids the high 

probability of failure in seed germination and seedling establishment 

involved in direct seeding of arid regions (McKell 1978)» and is 

the preferred planting method. In addition to providing favorable 

site conditions, there are specific biological and cultural factors 

which affect the survival of transplanted stock. 

The species planted should be chosen with respect to vegetation 

type, geographical region, and the specific site conditions to be 

reclaimed (Power et al. 1978, Cook et al. 1974). In the Southwest, 

drought-tolerance is the most critical and sought-after plant attribute 

to consider in species selection (Jordan 1980, Vallentine 1980, Richard

son et al. 1975). Additional considerations which may be important 

in species selection include compatibility of intended future land 

uses, aggressiveness, growth form, insect and disease resistance, 

palatibility, acid, salt or alkalinity tolerance, rate of growth, 

ease of self-perpetuation, and the possible production of nuisance 

or noxious by-products. Species selection is further complicated 

by the availability of plant material since many of the most tolerant 

native species are not readily commercially available (Gass 1980a). 

Mckell (1978) has stated that successful tree and shrub estab

lishment rest in the combination of using adapted plant species having 

root systems of sufficient size to insure survival and planting at 

the appropriate season of the year. A well-established root system 
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enables the plant to extract moisture from a large volume of near 

surface soil or from the deeper, moister soil layers (Nickell 1982). 

Nickell (1982) also demonstrated that more extensive root systems 

and associated lower top-to-root ratios contributed significantly 

to transplant survival under conditions of limited moisture. Revegetat-

ing a critically disturbed site depends not only on choosing an adapt

able species in a drought-hardy stage, but also upon selecting stock 

physically suited to withstand the rigorous environment. This has 

led, in part, to the popularity of using containerized stock for 

transplanting. 

The use of containerized stock is frequently recommended 

based on evidence of higher survival rates, faster initial growth, 

and wider range of planting times related to the undisturbed root 

system (Gass 1980b, Monsen and Plummer 1978, Pommerening 1977, Orr 

1975). Planting containerized stock allows the root system to remain 

intact within a relatively protected environment and reduces the 

need for top-pruning associated with the planting of bare root stock. 

Bare root stock must be planted when soil conditions, both temperature 

and moisture, favor rapid root growth prior to the onset of top growth. 

If not, the existing root system will be inadequate to support the 

new leaves and the plant will not survive (Gass 1980b, NAS 1974). 

In addition, bare root seedlings are subject to the loss of root 

hairs and damaging drying, and must depend solely on an external 

supply of nutrients (Goodman et al. 1977). 
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The time of planting is closely related to species physiology 

and plant survival. This involves individual species requirements 

for the moisture and temperature levels which will trigger plant 

growth. These requirements, usually expressed by denoting a species 

either cool or warm season, should be matched with site conditons 

to take optimal advantage of any and all natural precipitation. 

Total precipitation important to transplant establishment but planting 

time and the duration of available plant moisture is equally critical. 

Cultural treatments have been used with varying degrees of 

success to modify the environment and make it more conducive to plant 

establishment. Soil moisture, nutrients, texture, temperature and 

to a lesser extent structure, may be altered or the topography changed 

in order to create more favorable conditions for plant growth. These 

treatments are generally performed as part of the site preparation. 

However, planting techniques and maintenance care also strongly affect 

transplant survival. 

Soil moisture may be increased through irrigation (DeRamer 

and Bach 1977, Hanks and Keller 1972), surface grading, contouring 

or furrowing (Aldon 1980, Bengson 1980, Barnhisel 1975), the addition 

of topsoil or organic matter (Donahue et al. 1977, Hodder 1977), 

or by surface mulching (Cook et al. .1974). The use of topsoil or 

organic matter may also increase the available plant nutrients, change 

soil texture and possibly improve the structure (Moore et al. 1975, 

Tisdale 1975). Mulching decreases evaporative losses from the soil 

and lowers surface and near surface soil temperatures (Scull 1980, 
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Vyle 1973). Leveling or terracing can be used on steep grades to 

reduce soil moisture and erosional losses (DeRamer and Bach 1977, 

Thames 1977), or machinery may be used to either compact or aerate 

the soils. 

Some of the planting techniques used to enhance transplant 

survival include creating water micro-catchments around plants, ferti

lizing, treating the leaves with surfactants to reduce transpiration, 

or the use of micorrhizal innoculates (Aldon 1980). 

The first week of transplant life has been called the most 

critical period especially under harsh conditions (Aldon and Spring

field 1975); however, some maintenance is usually required past this 

point. Water, fertilizer, or pest control are often necessary in 

order to protect the financial investments made to establish the 

plants. 

In summary, the success of a transplant project depends heavily 

upon the rapid establishment of the plant material. The plants them

selves should be species proven adaptable to specific site conditions, 

healthy, and having sufficient root systems to insure survival if 

planted at the appropriate season. Depending on the specific site 

some type(s) of site preparation, special planting techniques or 

maintenance may also be necessary. 
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Potential of Water-holding Polymers 

TERRA-SORB is the commercial name of the Industrial Services, 

Inc. product used in this research work. It is one of the starch-

based polymers marketed as superabsorbents, capable of holding up 

to hundreds of times their weight in water. Chemically, the product 

is known as a hydrolized starch polyacrylonitrile graft copolymer 

(Hemyari and Nofziger 1981, Gibson and Whitcomb 1980), which is in

soluble in water but which, when wet, produces sheets of gel similar 

to dry films except they are approximately thirty times larger in 

surface area (Weaver et al. 1974). These compounds, called "super 

slurpers", have had a wide variety of applications, such as in dis

posable diapers, pet litter, seed and root coatings, and thickening 

agents (Miller 1979). 

Because these products are insoluble, they do not change 

the nature of the water they absorb, but form a gel-like dispersion. 

Each polymer particle is internally ionized, or electrically charged, 

so when they are added to water an electrical repulsion takes place, 

causing an intra-molecular repelling action. This repulsion allows 

water to be drawn into each particle (Pritchard and Quinn 1982). 

As water evaporates or is extracted from the dispersion, the material 

shrinks and returns to its original state (Pritchard and Quinn 1982, 

Gibson and Whitcomb 1980). 

Similar products have been used since the early 1960's by 

the agricultural and horticultural industries as both seed treatments 
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and soil amendments to increase germination, lengthen the shelf-life 

of potted plants, and to conserve soil moisture (Hemyari and Nofziger 

1981, Berdahl and Barker 1980, Gibson and Whitcomb 1980, Munday 1980, 

Perry 1980, Still 1976). Relatively little research has been completed 

using these types of products as soil conditioners. Gehrin and Lewis 

1980, Miller 1978, Still 1976, Shrader and Mostegeran 1976, Allison 

and Moore 1956, and Allison 1955, report water retention or holding 

capacity has been greatly improved on coarse-textures soils, while 

fine-textured and alkaline soils show no improvement. Research has 

also shown that infiltration rates are decreased except on sodic 

soils where an increase in the infiltration rate has been noted and 

crust strengths decreased on all soils studied (Hemyari and Nofziger 

1981, Allison and Moore 1956, Allison 1955). 

In general, germination and seedling growth remained unaffected 

or reduced by polymer treatment (Berdahl and Barker 1980, Gibson 

and Whitcomb 1980, Munday 1980, Shrader and Mostejeran 1976), although 

plant survival under drought conditions has been greatly improved 

(Gehring and Lewis 1980, MacPhail et al. 1980, Munday 1980, Perry 

1980, Still 1976). Still (1976) and Zillis and Tzynick (1975) reported 

an unexplained reduction in height and dry weight in plants grown 

in high concentrations of polymer. 

Over the years, water-holding polymers have been refined 

and improved forms produced. The effectiveness and application rates 

appear to be dependent upon the type and texture of the growing media 

and the species grown. While many soils and other types of medias 
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have been tested, relatively few plant species have been used in 

research. Additionally, much of the testing has been under the control

led environments of laboratories and greenhouses. Laboratory and 

greenhouse conditions make it easier to isolate specific cause and 

effect relationships, but the responses or data gathered from these 

experiments are often difficult to replicate in (or extrapolate to) 

field experiments. It is, therefore, necessary to evaluate the prod

ucts capabilities under both controlled and field conditions. My 

research studies both conditions and integrates the results to predict 

the feasibility of using TERRA-SORB in reclamation projects. 



METHODS AND MATERIALS 

General Information 

Three types of experiments were conducted in the laboratory, 

greenhouse, and field. The laboratory experiment tested mixtures 

of TERRA-SORB and soil for moisture-holding capacity at varying bars 

tension. The greenhouse experiment was designed to test plant response 

to TERRA-SORB incorporated in growing media at increasing levels. 

Finally, field studies were implemented to study the effects of TERRA-

SORB upon plant establishment and survival under actual harsh environmental 

conditions. 

Laboratory Experiment 

Four soil samples were collected randomly from the field 

planting site. Samples were divided into seven equal amounts and 

mixed with the polymer TERRA-SORB in levels ranging from pure soil 

to almost pure TERRA-SORB. Increments were based on the manufacturer's 

recommended rate for use as a soil amendment in transplanting of 

approximately 1.^56 TERRA-SORB. Mixture ratios of TERRA-SORB to soil 

are shown in Table 1. 

Moisture contents were determined by first subjecting small 

samples to preset tensions in bars on a pressure plate apparatus 

available through the Department of Soils, Water, and Engineering, 

University of Arizona, Tucson, Arizona. Samples were subjected to 

six separate tensions of .1, .33» .5, 1.0, 5.0, and 15 bars. 

19 
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Table 1. TERRA-SORB Application Rates Used to Determine the Effects 
on Soil Moisture Retention 

Percent TERRA-SORB Ratio of TERRA- Multiple of 
in Soil SORB to Soil Recommended Rate 

0 Pure Soil 0 

-3 3 
1,4 1.25 x 10 grams/cm 1 

2.8 2.5 x 10 ̂  grams/cm^ 2 

-3 3 
7.0 5.0 x 10 grams/cm 5 

3 
700 .5 grams/cm 500 

3 
1400 1.25 grams/cm 1000 

3 
2800 2.5 grams/cm 2000 
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The samples remained at a constant tension for approximately 

24 hours. At this time they were weighed, oven-dried for another 

24 hours and reweighed. Values for gravimetric moisture content 

were calculated from this information for each soil at each treatment 

level. 

Greenhouse Experiment 

Work for both greenhouse and field studies was conducted 

at the Soil Conservation Service Plant Material's Center (PMC), Tucson, 

Arizona. 

Common bush bean seed (Phaseolus vulgaris), were planted 

in the soil containing varying amounts of TERRA-SORB. Bush beans 

were used because the seeds are large and easy to handle, they germin

ate easily, grow quickly, and water-stress is easily discrnible visual

ly. The soil was a potting mixture containing approximately three 

parts loam and one part peat moss, whose exact composition was not 

determined but which was kept constant throughout all treatments. 

Mixture levels were based on the manufacturer's recommendation 

of 1.25 x 10~3 g/cm3 of soil or 1.436 TERRA-SORB. Levels ranged from 

zero or control, to 100% (pure TERRA-SORB) and are shown in Table 

2. Mixing was done by hand with dry polymer and soil. The planting 

media was then moistened and used to fill the plastic, four-compart

ment Tinus rootrainers shown in Figure 1. One seed was planted per 

compartment at a uniform depth. Planters were placed in a rack (Figure 

2), watered, labeled, and placed in the PMC's greenhouse. 
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Table 2. Mixture Rates of TERRA-SORB Used for Greenhouse Experimental 
Planting Media 

Percent TERRA-SORB Grans TERRA-SORB per Cubic Proportion of 
in Soil Centimeter of Soil Recommended Rate 

0 None. Potting mix only 0 

.35 .31 x 10"3 g/cm3 1/4 

.7 .63 x 10 3 g/cm3 1/2 

1.05 .93 x 10~3 g/cm3 3/4 

1.4 1.25 x 10~3 g/cm3 1 

1.75 1.56 x 10~3 g/cm3 1 1/2 

2.8 2.5 x 10 3 g/cm3 2 

3.5 3.1 x 10"3 g/cm3 2 1/2 

4.2 3.75 x 10 3 g/cm 3 

4.9 4.38 x 10~3 g/cm3 3 1/2 

5.6 5.0 x 10 3 g/cm3 4 

7.0 6.25 x 10~3 g/cm3 5 

8.4 7.5 x 10 3 g/cm3 6 

9.8 8.5 x 10"3 g/cm3 7 

14.0 12.5 x 103 g/cm3 10 

19.6 18.75 x 10"3 g/cm3 15 

42.0 37.5 x 10~3 g/cm3 30 

100.0 Pure TERRA-SORB 
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Figure 1. Tinus Root Trainer. 

mmm 

Figure 2, Planted Root Trainers in Rack. 
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To eliminate possible leakage and contamination of mixtures 

between compartments, and for convenience, each rootrainer unit con

tained only one mixture level divided into four sections. A completely 

randomized block design was used for the study because the experimental 

area was small and environmental differences were negligible. 

The planters were watered frequently to keep the soil moist 

throughout the germination and growth periods. The number of days 

until seedling emergence was recorded and compared among treatments. 

The plants were allowed to continue to grow with sufficient moisture 

for 24 days. At this time, all watering ceased and height measurements 

were taken. Plants were observed for signs of water-stress and allowed 

to die. The number of days until death was recorded for longevity 

comparisons. The hypothesis was that the longer a plant survived 

without suplemental watering, the more successful the soil was at 

retaining available moisture. Plant death was defined for this experi

ment as the point at which the top laves had become dry and/or the 

main stem collapsed. After the plants were dead, the roots were 

washed with a fine spray of water on screens, dried, and weighed 

to determine any differences in root development. 

Field Experiments 

It is seldom possible or practical to plant an area at the 

optimal time for each species used in a revegetation project, partic

ularly when working under unpredictable weather conditions. Therefore, 

the goal of these experiments was to explore the feasibility of using 
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TERRA-SORB as a soil amendment for improving or broadening optimal 

planting conditions on drastically disturbed sites. 

Three field experiments were conducted. The first experiment 

was designed to test various polymer treatment levels against the 

moisture requirements of four common Southwestern species. The second 

experiment was to determine any response differences of decisuous 

and evergreen species subjected to varying watering schedules and 

various levels of TERRA-SORB. The third experiment was similar to 

the first experiment, but it was repeated in 1983 under more arid 

conditions. Soil thermographs were installed to monitor soil temper

ature and fluctuations within the rooting zone of treated and not-

treated planting sites. 

Plant Materials and Site Description 

Plant materials for both experiments were donated by the 

Forestry Division of the Arizona State Land Department. The four 

species used in the first experiment were chosen as representative 

of deciduous, evergreen, warm and cool season species commonly planted 

in the Southwest. These are: cottonwood (Populus deltoidis), desert 

willow (Chilopsis linearis), four-wing saltbush (Atriplix canescens), 

and red gum eucalyptus (Eucalyptus camaldulensis). The second experi

ment utilized only saltbush and cottonwood as representative of one 

evergreen and one deciduous species. Experiment III used four-wing 

saltbush, red gum eucalyptus, and desert willow.' 

Some of the 1982 plants were received as bare root stock 

in April, and some as containerized stock early in May; therefore, 



all plants were potted into one gallon cans prior to field planting 

in an attempt to standardize plant conditions at transplanting time. 

They were grown in pots first in a greenhouse to establish top growth 

and later in a lathe-house for almost eight weeks before being field 

planted. 

Since ample plant material was available, plants were selected 

to be similar in size and growth habit within each species. An ad

ditional 33? over actual planting needs were selected and measured 

for height, number of main stems, stem caliper, and root weight. 

The 1983 plant material was all received as containerized 

stock in mid-April. It, too, was transferred to one gallon cans. 

These were started in the greenhouse and moved outside approximately 

two weeks before planting. Plants were measured after planting for 

total height and basal area (taken 7.5 cm above ground). 

The experiments were adjacent to each other on areas of nearly 

identical soil and site characteristics on a critically disturbed 

slope at the PMC. 

The site consisted of a 200 by 16 foot strip on a south-facing 

slope of a drainage channel having a 24|J slope. There was virtually 

no vegetation on or near the site to cause competitive effects. 

The soil had no distinct horizons because of the disturbed nature 

of the site. 

Soil analyses showed that texture and bulk density varied 

somewhat within the area, but not excessively. The bulk density 

Q O g 
averaged 1.42 g/cm and ranged from 1.31 g/cm to 1.54 g/cm . Soil 
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porosity, or relative pore volume, ranged from to 51$, with ^*6% 

representing an average value. These values are typical for this 

soil type. The texture was dominately a fine sandy loam. Before 

disturbance, the soil in that areas was classified as a Comoro fine 

sandy loam with a bulk density, for the first 30 cm depth, averaging 

1.35 g/cm3 (O'Neil 1902). 

The Comoro series is a member of the coarse-loamy mixed, 

thermic family of Typic Torrifluents. The National Cooperative Soil 

Survey description of these soils includes the following information: 

"These soils are deep, well-drained, dark colored, contain more than 

1 percent organic matter, and are usually calcareous throughout. 

They are neutral to moderately alkaline in reaction, surface runoff 

is medium and perme ability is moderately rapid to rapid." 

A chemical analysis of the soil on the site indicated a pH 

3 
value of 8.0, an electric conductivity of 1.13 x 10 mmhos/cm or 

a total soluble salt concentration of 791 ppm. 

Site Preparation 

Transplants were hand-watered on an individual basis to control 

the amount and timing of watering and to allow flexibility in experi

mental design. Two assumptions were made in order to arrive at some 

consistent, fairly reliable figure for the amount of water to be 

applied to individual plants. First, it was envisioned that each 

plant would receive the amount of water needed to bring the soil 

to field capacity. A tension of .1 bar was chosen to represent this 

capacity. It was also assumed that watering should be done as 



infrequently as possible without harming the plants or when the soil 

moisture content dropped to wilting point or 15 bars tension. The 

quantity between field capacity and wilting point was used to approx

imate the individual plant water requirements. 

Two methods were used to determine the amount of water to 

apply to each plant; one method employed a straight formula method, 

and the other was determined experimentally. In the first method, 

the soil moisture curves in Figure 3 were employed. Average data 

for soils were converted to volumetric moisture contents using builk 

density of 1.42 g/cm . Four soil smaples were randomly collected 

from the planting site and moisture contents determined for both 

field capacity (defined as .1 bar) and wilting point (defined as 

15 bars) using pressure apparatus. This yielded the following gravi

metric moisture contents: 

Tension Average Average 
(weight basis) (volume basis) 

.1 bars 16.75% 2H% 

15 bars 4? 6% 

The information was used in the following formula: 

rT-TffHT-vl where Zf = wettinS dePth 
Z f  =  t  > CI = curaulative water intake 

0(w; (d) K(dry) = hydraulic cond.-assumed 

to be negligible here. 

0 = volumetric moisture content. 
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1 = 1.4% TERRA-SORB 
2 = 2.8% TERRA-SORB 
3 = 7.0% TERRA-SORB 

1 1 » 
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Percent Water Content - Weight Basis 

Figure 3. Moisture Release Curve for TERRA-SORB Treated 
Soil Samples. 
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An estimated required wetting depth (Zf) of 30 cm. was used. C.I. 

(cumulative intake) on the four samples was calculated to average 

5.4 cm. 

The planting holes or watering volume were standardized at 

30.5 cm x 30 cm (to accommodate root ball volume + extra) for an 

2 
area of 730.25 cm . 

The amount of water needed per plant was calculated as: 

(730.25 cm2) (5.4 cm H20 needed) = 3943.35 cm3 (ml) 

= 3«9 liters/plant 

To this a 50% safety measure was added because this was an 

empirical rather than an observable estimate, bringing the figure 

to about 6 liters of water/plant. 

The second method used for estimating water requirements 

was on a per plant basis, using soil columns. Two columns (5 cm 

diameter) were packed with dry soil from the site (.5% moisture) 

and wetted with the previously estimated rate of 5.4 cm HgO to wet 

30 cm soil. After about 15 minutes, all apparent downward water 

motion ceased and the wetting depth was measured. From this data, 

it was computed that 7.2 liters per plant would be needed. This 

method probably yielded higher estimates due to the dryness of the 

soil (far below wilting point) and the need to sieve soil samples 

before packing columns. An additional test using columns containing 

2.8% TERRA-SORB was also implemented; however, it yielded virtually 

identical results. Therefore, it was not necessary to make adjustments 

in watering for the treated sites. Because, under actual field 
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conditions, water would not be expected to flow straight down from 

the area of application, the higher rate of 7.2 liters was used. 

Experiment I: Treatment Level vs Species " 
and Watering Requirements 

Each of the four previously mentioned species was subjected 

to four polymer treatments levels both as a root dip and as a soil 

amendment. These levels, based on the manufacturer's recommendations, 

consisted of a "O" treatment, a i recommended level, a recommended 

level, and a double the recommended level. 

Root-dip Mixture Backfill Mixtures Expressed as 
Ratios—TERRA-SORB a Percentage of TERRA-SORB in 
to Water Soil 

0 or no dip 0 or pure soil 

1:500 .1% 

1:250 1.4* 

1:125 2.8* 

Each treatment was replicated three times and located randomly 

across the site. The design for this experiment was a split-split 

plot design with plantings to be repeated in two seasons, spring 

and summer. The plot diagram showing individual placement is included 

in the Appendix. 

A total of 48 planting holes were dug each measuring 30.5 

cm in diameter and 40.5 cm in depth. The 40.5 cm depth included 

a 10-cm basin to accommodate watering. The plants were cut out of 

the one gallon cans, dipped into the appropriate dip mixture and 
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planted in the hole with the corresponding backfill mixture. All 

plants were watered-in well and labeled. 

Watering was done individually as the plants began to exhibit 

visible signs of water stress. These signs were established through 

tests conducted prior to planting. At this point, the soil moisture 

conditions were assumed to be at wilting point and were watered with 

the established amount of water, 9.7 cm. Thus, the plant's water 

requirements were determined by the frequency with which it was watered 

in comparison to other species and treatment levels. 

Planting was during the week of June 25, 1982. After three 

months, the plants were measured for height, number, of stems, and 

stem caliper. The ground was too hard to allow for the complete 

removal of the root systems for weighing, but soil moisture contents 

and temperatures were monitored and related to plant growth. 

The first objective was to find out if different treatment 

levels affected the moisture holding capacity of the soil, "in situ". 

To determine this, soil samples were taken from the rooting zone 

of each of the 48 plants at 8.0 cm depth, tested for soil moisture 

content and compared with other species and treatments. This was 

repeated on three dates: September 19, 1982, January 23 ( 1983, and 

again on May 27, 1983. 

The next step involved testing the plants for signs of water-

stress which might be too subtle to distinguish visibly. An infrared 

thermometer gun was employed to take surface leaf temperature readings. 
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Experiment II; Treatment vs Species Under 
Varying Watering Schedules 

The 48 plantings were prepared as described in the previous 

experiment except there were only two species and two levels of treat

ment: a zero or check level, and one at the manufacturer's recommended 

level. 

There were twenty-four plants of each species, and within 

each species, treatments were repeated twelve times. Superimposed 

across these treatments were three different watering schedules designed 

to approximate the time and monetary investment a company might be 

able to invest in supplemental waterings on transplant site. The 

three watering levels increased the total amount of supplemental 

water a transplant received by increasing the number of times the 

plants were watered with computed rate of 9.7 cm (a plot diagram 

is included in the Appendix). Only one planting season was designed. 

The following is a list of the species, treatments, and water schedules 

used. 

Species; 4-wing saltbush Treatment: no TERRA-SORB 
cottonwood 1.4$ TERRA-SORB 

Watering Schedules: Once at planting 
At planting, plus 5 days later 

Replications: Four At planting, 5 days later, plus 10 days 
after planting 

The same measurements of top growth as in the first experiment 

were taken; growth increases were compared between treatments and 

watering levels. Additionally, similar comparisons were made using 

leaf temperatures. 



34 

Experiment III; TERRA-SORB Use to Retard Soil Moisture 
Losses and Increase Transplant Survival 

Plant materials consisted of three of the previously used 

species: four-wing saltbush, desert willow, and red gum eucalyptus. 

A fourth set of planting sites were left as blank or unplanted holes. 

Planting was done on May 16, 1983 on the same area as Experi

ment I in the spaces originally intended for the second planting 

of Experiment I. Preparation and planting was conducted as in the 

two previous experiments except that the root dip was not used. 

It was omitted since experience had shown it to be awkward and often 

resulted in a break-up of the root ball. 

There were three TERRA-SORB treatment levels at zero, 1.4%r 

and 2.8% of the backfull material. There were four replications 

of each species and treatment combination. This planting design 

has also been included as part of the Appendix. 

All planting sites were initially watered with 7.2 liters 

of water per hole. No additional watering was done. Directly after 

planting total height and basal area were recorded for each plant. 

Soil temperatures were again monitored, this time in both 

blank sites and those planted with eucalyptus. Two sites were used 

where the combination of species and all treatment levels happened 

to occur in close proximity. Probes were buried 21 cm and attached 

to continuous recorders. Monitoring continued for four weeks. 



DATA PRESENTATION AND DISCUSSION 

Laboratory Experiment 

Results indicate a relationship between the soil's moisture 

retention ability and the ratio of TERRA-SORB to soil mixture. As 

the level of polymer in the soil increased from zero to 7.0? TERRA-

SORB, the soil increased in its moisture retention capacity. These 

differences in moisture-holding abilities between treatments tend 

to decrease with increasing tension until at 15.0 bars all moisture 

contents are the same (see Figure 3). Additional samples were also 

treated using extremely high polymer levels approximating 500-2000 

times the recommended rate. The results of both sets of tests are 

contained in Table 3. 

Data were initially analyzed using an F-test and later an 

LSR test for significance. At all of the three extremely high rates 

a significant water retention effect was found which could be attri

buted to the treatment; however, this effect did not vary significantly 

between the treatment levels. Results from the three lower treatment 

levels yielded more information. Using an F-test and 95? confidence 

level, significant effects resulting from treatments were found at 

the tensions of 0.33> 1.0, and 5.0 bars. See Table 3 for data analysis. 

The LSR test indicated significant difference for all treatment levels 

subjected to 0.33 bars, for the 7? treatment level at 1.0 bars, and 

at 15 bars tension the only significant difference occurred between 

the 1.4? and 2.8? treatment levels. 

35 
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Table 3. Sunnnary of Percent Moisture Content of TERRA-SORB Treated 
Soil Samples Subjected to Pressure Plate Apparatus 

TERRA-SORB 
Application 

Tension in Bars 

Rate .1 .33 1.0 5.0 15.0 

-0- 14% 12% 8% 5% 4% 

Run 1.4% 17% 13% 9% 5% 4% 

1 
2.8% 18% 13% 9% 6% 4% 

7.0% 20% 16% 10% 6% 4% 

Mean 17.3 13.5 9.0 5.5 4.0 

Std. Deviation 2.9 1.3 .6 .3 .5 

Coefficient 
of Variation 

17% 9% 6% 5% 13% 

Std. Error 

df 
Total 15 

1.4 .6 .3 .1 .3 

Reps 3 

Treatment 3 

Error 9 

-0- 17% 12% 10% 8% 5% 

Run 
2 

700% 990% 550% 1150% 212% 275% 

1400% 1000% 530% 1400% 625% 477% 

2800% 1180% 580% 1200% 835% 682% 
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These tests indicated a significant effect of TERRA-SORB 

upon the moisture retention ability of a soil. The ability of the 

soil to retain moisture increased as the ratio of TERRA-SORB to soil 

increased. The extent of this relationship was not determined; but 

presumably would continue until a pure TERRA-SORB media was used. 

The inability of this experiment to reflect this is due to the fact 

that as the amount of TERRA-SORB was increased to 500-2000 teimes 

the recommended rate, it became increasing difficult to thoroughly 

wet the samples. The outside would appear wet, but the inside remained 

dry. If the samples were not completely saturated when they were 

placed in the vacuum, this could account for the erratic data shown 

in Table 3 for these treatment leels. 

At all treatment levels, as the suction was increased, the 

effects of the TERRA-SORB diminished until at a wilting point of 

15 bars, there was no discernible difference in the moisture contents 

between treatments. However, within the normal range of plant avail

able moisture, TERRA-SORB is effective in retaining additional moisture. 

One problem which became evident as the amount of TERRA-SORB 

was increased, besides the difficulty of initial wetting, was a dif

ficulty in rewetting samples. Once the TERRA-SORB and soil sample 

had been oven dried, infiltration was so reduced that the media became 

impermeable to water. This effect became noticeable when TERRA-SORB 

approached the f% level. In a field or nursery situation, increasing 

the concentration of TERRA-SORB could significantly reduce the need 

for watering; however, after a critical point the problems associated 
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with the high rates of TERRA-SORB would outweigh the benefits of 

less frequent watering. 

Some problems might be avoided if the planting media were 

kept moist at all times (which would not be a reasonable assumption 

on an arid drastically disturbed site). However, at higher concentra

tions, there was also significant shrinking and swelling which could 

dislodge or expose plants. Keeping the TERRA-SORB/soil ratio low 

enough to avoid problems (less than 1% TERRA-SORB by volume), would 

be the most feasible solution. 

While these results are encouraging, they are not necessarily 

applicable to a field situation. Therefore, direct field evidence 

is needed to ascertain the practical used to TERRA-SORB. 

Greenhouse Experiment 

The number of days until seedling emergence was first consid

ered. A correlation coefficient .9 was calculated to exist between 

treatment levels and the number of days until emergence. Linear 

regression analysis was also applied to the data and the results 

plotted on Figure 4. Seedling emergence was apparently inhibited 

as the amount of TERRA-SORB increased until at the level of pure 

TERRA-SORB none of the twelve seeds planted emerged. 

Plant heights after 24 days of growing were all fairly uniform 

and no significant differences could be found at any treatment level. 

However, longevity, or the number of days a plant was able 

to survive after watering was halted, exhibited a different correlation 

coefficient (.93) to treatment level; the higher the treatment level 
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the longer the plant survived. This data was plotted against a straight 

line (see Figure 5) where no upper limit or leveling off of this 

effect seems to be indicated. 

Finally, after the plants were dead, the planting boxes were 

opened, and the roots were washed, dried, and weighed. Root weights 

tended to increase with higher treatment levels. However, as treatment 

levels increased past the 8.4$ level, the dried root and growing 

medias became more resistent to rewetting. Finally, this measurement 

was abandoned at the 2&% level; washing would no longer separate 

the polymer from the root fibers. Figure 6 shows a graph of result 

plotted along with a corresponding regression line. 

The addition of TERRA-SORB had no beneficial effect on the 

germination rate or percent germination of bush bean seeds. As the 

application rate increased, germination was delayed and percent germin

ation reduced until zero germination occurred in the pure TERRA-SORB 

media. Similar results were obtained by McPhail et al. (1980) with 

Kentucky Bluegrass seed, and Berdahl and Barker (1980) on Russian 

wildrye seed. McPhail et al. (1980) established in their study that 

the delay in germination was not due to a reduction in water imbibition, 

but offerred no alternative explanation for the delay. Berdahl and 

Barker (1980) found that water intake was increased with higher concen

trations of polymer and blamed the reduced germination on poor aeration. 

The reduction in germination in this experiment could possibly 

be attributed to poor aeration. However, if this were the case, 
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I would have expected top and root growth also to be affected, which 

they were not. 

McDonough (1977) explains the effects of water on seed germin

ation as follows: "There is a minimum water content of the seed 

below which the germination does not occur. At progressively higher 

water levels, germination occurs more rapidly to an optimum level, 

beyond which reduced aeration and other factors reverse the trend" 

{pg. 166). The effect described above was not evident even at the 

lower concentrations of TERRA-SORB. This led to the conclusion that 

the seeds in the non-treated soil had at least ample moisture for 

optimal germination; therefore, increasing soil moisture even slightly 

did not improve germination. Further requirements of plants are 

known to change with physiological development (Jordan 1980) and 

thus a soil moisture level which is injurious to germination might 

be less critical for seedling growth. 

Top growth remained unaffected by application rates, a result 

also obtained by MacPhail et al. (1980) in their experiments using 

Kentucky Bluegrass. It appears that when sufficient water is present, 

no additional growth benefits are gained by using TERRA-SORB. 

Overall, total root weights did increase as the TERRA-SORB 

concentrations increased. Figure 6 shows a sharp increase in root 

weight at the 5.6 - 8.4J treatment rates. I could find no explanation 

for this sharp deviation from an otherwise consistent trend, except 

error. Even disregarding these two data points, this information 

appears contrary to the literature found concerning the effects of 
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moisture on root growth which concur that root initiation is indepen

dent of soil-water content above an unspecified minimum value (Garwood 

1968, Jacques and Edmonds 1952, Stuckey 1941), and that an increase 

in soil moisture results in a reduced root/shoot ratio (Davidson 

1969). One possible explanation for the seemingly contrary results 

of this study is that once watering was stopped the increased concentra

tions of TERRA-SORB retained enough moisture to allow the plant con

tinued root growth, but was not sufficient to allow further top growth 

development. Brown (1977) and Newman (19&5) both lend support to 

this hypothesis with their studies indicating root growth may continue 

after water deficits have inhibited top growth. In addition, the 

increased longevity associated with the higher polymer application 

rates would have given these plants a longer period for continued 

root development. 

Based on the results of this study, it would appear that 

plants established and grown in TERRA-SORB treated soils have had 

increased available moisture as the concentration increased. While 

this was not an advantage for the germination growth of bean plants 

under conditions of sufficient moisture, once water became limited 

it increased the survival time of the plants. The relationship of 

survival and higher polymer application rates appears to increase 

linearly with no apparent upper limit. However, two factors would 

be important in a practical situation. As the polymer level increased, 

the infiltration on the dry soils decreased dramatically until rewet-

ting was virtually impossible. This feature, combined with the extreme 
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shrinking and swelling of soils containing higher application rates, 

would set upper limits on the amount of TERRA-SORB which could be 

applied to a given soil. 

Field Experiments 

Initially, the effects of TERRA-SORB use were to be determined 

by the amount of additional water needed, Experiment I, or by longevity 

of the plants after watering ceased, Experiments II and III. Due 

to an unusually wet summer in 1982, the plants in Experiment I and 

II were never sufficiently stressed to use either evaluation technique. 

This is also the reason that Experiment I was not repeated in the 

spring of 1983 when local soils usually are moist. Experiment III, 

planted in the summer of 1983 suffered from the opposite weather 

conditions. In an attempt to assure that plants experienced drought 

conditions, soil moisture contents dropped so low that all plants 

appeared equally stressed. 

It had also been initially planned to compare average root 

weights between treatments. The ground proved too hard to dig up 

enough root mass to make comparisons; therefore, the idea was abandoned 

in favor of measuring surface leaf temperatures with a pistol-grip 

infra-red readiometer. It was theoreized that even though gross 

signs of water stress were not apparent, lower levels of stress could 

be interpreted through elevated leaf temperatures. The plants having 

a higher leaf temperature would have less effective transpirational 

cooling due to decreased available moisture. 
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Experiment I 

The measurements taken were used to determine any increase 

in growth attributable to TERRA-SORB treatment. Total height, number 

of stems, and stem caliper were measured initially by representative 

sampling and individually after three months. Caliper and number 

of stems were converted to average cross-sectional area for easier 

comparisons. Figure 7 graphs both percent increase in cross-sectional 

area and height by species, while the actual data appears in the 

Appendix. An F-test was used to analyze the data. Only desert willow 

showed a definite increase in growth associated with an increase 

in treatment level. 

Surface leaf temperatures were taken on a clear, warm day. 

Temperatures appeared to be species specific; therefore, the data 

were not combined. Only data from three species, saltbush, eucalyptus, 

and desert willow were compared because some of the cottonwood died 

leaving too few to make a valid comparison. An F-test indicated 

a significant lowering of leaf temperature associated with TERRA-

SORB treatment. Figure 8 shows the relationship between leaf temper

ature and treatment levels by species. 

Soil samples were taken at 23 cm depth, well into the rooting 

zone of all species and the moisture content determined on a weight 

basis. Samples taken in September 1982, showed a significant rise 

in moisture contents as treatment levels increased, using a t-test 

for analysis. The average moisture contents were as follows: 
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Untreated 5.2$ 

.7% TERRA-SORB 5.8% 

1.4% TERRA-SORB 6.1% 

2.8% TERRA-SORB 6.8% 

Similar samples taken in January and May 1983, indicated no moisture 

differences due to treatments. Soil moisture contents averaged 8.5% 

in January and 1.5% in May. Figure 9 shows the comparative effects 

of TERRA-SORB on soil moisture retention on all three dates. 

Experiment II 

In this experiment, involving only saltbush and cottonwood, 

there were enough cottonwoods to run an analysis of the number living 

versus dead to determine if longevity could be related to TERRA-SORB 

treatment. Five treated and six untreated cottonwoods died, but 

an F-test analysis indicated no relation between plant longevity 

and treatment. The data for the analysis has been included as part 

of the Appendix. 

For the four-month period of July through October 1982, overall 

soil temperatures indicated significantly higher temperatures associat

ed with the treated soils than with the non-treated soils. Figure 

10 graphs average monthly soil temperatures during this period. 

The treated soils fluctuated less on a diurnal basis. During a 

representative one-month period, treated soils averaged a .4°F daily 

change while fluctuations in the untreated soils varied an average 

of 2.7°F. 
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Experiment III 

Height and cross-sectional area were measured individually 

and recorded on a bi-weekly basis from planting (May 16, 1983), through 

June 30, 1983 or until death was established. In this experiment, 

death was recorded when all foliage was dry and brittle to the touch. 

During this period, none of the plants showed any growth so no compar

isons could be made. 

Soil samples were taken from the rooting zone of all sites 

(at 23 cm depth) on May 29th, 1983. These were used to determine 

soil moisture content, again on a weight basis. An F-test was used 

on the data and indicated no significant differences in moisture 

contents attributable to either the addition of TERRA-SORB or the 

presence/absence of plants on a site. 

Soil temperatures were monitored over a six week period. 

Data indicated that there was no significant differences in temper

ature related either to treatment level or the presence/absence of 

a plant on the site. On one site, the average temperature was 95°F 

(36°C). Temperatures fluctuated significantly less daily on the 

treated sites, 2.8°F and 2.9°F for the two sites and averaged 5.1°F 

and 6.3°F on the untreated sites. 

There was no significant effect of TERRA-SORB on the height 

or girth growth of four-wing saltbush, cottonwood, or eucalyptus, 

the three species planted in 1982. If it is assumed there was adequate 

moisture for plant growth from natural precipitation alone, then 

these results confirm those found in the greenhouse study. Desert 
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willow, which functions as a guide to drought by using large amounts 

of water, was possibly more sensitive than the other species to differ

ences in soil moisture contents and showed a corresponding increase 

in growth with TERRA-SORB treatments. If this were true, then cotton-

wood, which is another deciduous high-water user, should have exhibited 

similar growth increases. However, the cottonwood were partially 

defoliated by grasshoppers so the growth data from this species was 

invalidated. 

Height was measured to the nearest £ inch, while cross-sectional 

area was measured to the nearest 1/10 inch. It is possible that' 

these measurements were too gross (especially height) to reflect 

growth, or due to environmental stress the plants did not put on 

growth. Transplant shock, high temperatures, and/or insufficient 

moisture could all produce this effect on vegetation (Tinus 197^, 

Newman 1971, Nielson 1971). Newman (1971) found that a reduction 

in root growth egan at about 7 bars tension and became increasingly 

pronounced as the soil dried further. At 15 bars tension there was 

almost no root growth. This would explain the lack of top growth. 

If there were not enough moisture for root growth (the average soil 

moisture content indicatd a tension greater than 15 bars) there would 

be no top growth. 

Plant temperature has been recognized as an indicator of 

water availability (Jackson et al. 1981, Gates 196-4), and has been 

used as a qualitative index to differences in plant water regimes. 

Ehrler (1973) showed that leaf-air temperature differences decreased 
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after irrigation, reached a minimum several days later, and then 

increased as the soil water became limiting. This is the basis of 

the stress-degree-day concept which posits that if a crop is well 

supplied with water, transpiration will be at the potential rate 

and the crop will be cool (Idso et al. 1981). 

The comparison of surface leaf temperatures by species indi

cated a definite lowering of temperature with increasing TERRA-SORB 

concentrations. Based on the previous information, the lower temper

atures are the result of more available moisture in the rooting zone, 

and hence, a higher transpiration rate which keeps the leaves' surface 

cooler. 

Soil moisture analysis of samples taken at the plant rooting 

zones supports this hypothesis by showing that the moisture retention 

improved significantly as the concentration of TERRA-SORB was increased. 

Six months after planting, this difference was no longer discernible 

indicating either a breakdown or movement of the polymer in the soil. 

Thus, for these soils and existing hot, arid climate, the effective 

life of TERRA-SORB is between four and six months. However, this 

should be sufficient time to establish transplants (Aldon and Springfield 

1975). 

Although the results from Experiment III seem to contradict 

this, there is an explanation. The soil moisture contents were all 

3%. The soil moisture release curve (Figure 1) indicates that this 

level is below the wilting point and effective range of TERRA-SORB. 
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The elevated soil temperatures shown for the treated soils 

were unexpected. It was assumed that an increase in moisture would 

lower the temperature of the soil. Although no positive explanation 

of this can be given, one possibility was speculated. The cooling 

effect of higher soil moisture contents is largely due to evaporative 

cooling (Nielsen 1971) and the higher specific heat of water. If 

TERRA-SORB reduced evaporation from the surface, the moisture in 

the soil would retain the heat and there could be a cumulative effect 

over time. Therefore, even though it took more energy to initially 

warm the moisture soils, the heat would also not be readily transfer

red. The extremely small diurnal temperature fluctuations of the 

treated soils shows that, in fact, heat was being retained. 

In Experiment III, there was no significant difference in 

the soil temperatures between treatments. Once again, because there 

was no difference in the moisture contents between soil and planting 

treatments, no difference was expected in temperatures. The signifi

cant difference in temperature fluctuations was surprising. This 

difference was not found between the two levels of treated soils 

(1.1|J and 2.8%) but was apparent between treated and non-treated 

soils. I can offer no explanation for these findings, but a reduction 

in soil temperature variation should decrease environmental stresses 

on the plant and thus improve survival. 



SUMMARY AND SUGGESTIONS FOR FURTHER RESEARCH 

The success or failure of a revegetation effort depends heavily 

upon the rapid establishment of plant material. In the Southwest, 

this entails a variety of factors Including the selecting of species 

adapted to particular site conditions, plants which have sufficiently 

extensive root systems, planting at appropriate seasons of the year, 

and most important, providing ample water. Water availability is 

the controlling factor in arid regions determining successful revegeta

tion. Moisture is necessary for maximum root growth and nutrient 

uptake (Tinus 1974, Newman 1971). Barnhisel et al. (1975) concluded 

in their study that the key to increasing plant survival on arid 

sites was providing a means of retaining moisture on critically dis

turbed sites by reducing runoff, and perculation. TERRA-SORB may 

provide a means of prolonging natural moisture in the soil and lessen 

or eliminate the need for costly supplemental watering. 

TERRA-SORB was found to increase the moisture retention cap

ability of coarse textured soils both in laboratory and field experi

mentations providing the soils remained above the critical moisture 

level. As the soil moisture dropped to a level equivalent to 15 

bars tension (or suction) this ability vanished. 

TERRA-SORB was not found to improve the germination rate 

or percent germination of bush beans when moisture was ample in a 

greenhouse study. It did, however, increase the longevity of these 

plants under drought conditions. 

56 
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The results of field tests using TERRA-SORB neither adequately 

support nor contradict the greenhouse findings. They do indicate 

a potential for TERRA-SORB for increasing soil moisture retention 

and its availability for plant use, decreasing diurnal soil temperature 

fluctuations and increasing the growth of some species. Based on 

these and greenhouse studies, TERRA-SORB should aid the establishment 

of transplants on critically disturbed sites having coarse-textured 

soils. However, the use of TERRA-SORB is of questionable value when 

there is sufficient moisture for plant growth or when soil moisture 

contents drop below wilting point. At soil moisture levels below 

15 bars tension, TERRA-SORB had no effect on soil moisture retention, 

soil temperature or survival of all species tested: four-wing salt-

bush, desert willow, or eucalyptus. 

Future research should be directed at finding the soil moisture 

perimeters within which TERRA-SORB remains most effective. If this 

can be determined, it could be used to evaluate TERRA-SORB's cost/ 

effect for supplementing or replacing other moisture increasing methods. 

Under the specific field conditions of these experiments, 

TERRA-SORB's benefits were short-lived, less than six months. It 

would be beneficial to learn if and how the useful life of this product 

varies with soil and climatic conditions. 

TERRA-SORB's effects on soil temperature and fluctuation 

were unclear. Because optimal soil temperatures for plant growth 

is know to be affected by water and available nutrients (Neilson 
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1971), it would be beneficial to determine the effects of TERRA-SORB 

use on soil temperature. 

While the research here seems to raise more questions than 

it answers, it does indicate TERRA-SORB has a potential usefulness 

for increasing the survival of transplants on critically disturbed 

sites and it is worthy of continued research. 



APPENDIX 

CALCULATIONS USED TO DETERMINE BULK DENSITY, 
AND ESTIMATION OF WATERING REQUIREMENTS 

Bulk Density: Six samples were randomly gathered from site at a depth 

of 10 cm in soil moisture cans. They were immediately 

weighed, then dried in an oven at 105°F for 24 hours 

and reweighed. 

Vol. of Soil/Can = 3.14 (3 cmC)(4.3 cm) = 121.58 cm3 

Can - 4.3 cm deep 

6.0 cm diameter 

Data 

Bulk density 

ing/cm^ 

Porosity 

1 

1.5 

.426 

2 

1.42 

. 464 

Sample Number 

3 4 

1.4 

.472 

1.31 

.506 

2 

1.54 

.419 

6_ 

1.35 

.491 

,Bulk Density N M 
Porosity = _s 

Part-Density* 
V. 

•4 

Average = 1.42 g/cm~ 

V 

m 
- 1 

t s t 
*Assumed part-density of 2.65 g/crn^ 

Average = 46.3% 
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IAS ACS 4DSp IBS ICSp 3BSp 2ASp 2BSp 3CS 4AS 3BSp IAS 4CS 4BS ICS 3BSp 2CS 2DS 2BS 4DSp 

2AS lBSp 4ASp 3CSp 3AS IDS 4CSp 4DS 3DS 4AS 4BSp IBS lASf 3ASj ICS 2A3P 2CSp IDSp 3BSp 

2DSp 3CSp 2BS 3DS lASp 3BS 2AS 2DS IDS lBSp 4BS 4DS 2CSp 4CS ICSp 3CSp 4AS 2BS 3ASp 

k-3*^ 

1̂ — 
5 7 '  

Legend 
1 = 4-Wing Saltbush A = No treatment S = Summer Planting Error 

2 = Cottonwood B = .7% TERRA-SORB Sp = Spring Planting Reps 2 
3 = Desert Willow C = 1.4% TERRA-SORB df R x Se 2 
4 = Eucalyptus D = 2.8% TERRA-SORB Season 1 R x Trt 6 

Species 3 R x Sp 6 

Trt. 3 Se x R x Sp 6 

Se x sp 3 Sp x R x Trt 18 

Se x Trt 3 Se x R x Trt 6 

Sp x Trt 9 Sp (Se x R x T)18 

Se x Sp x Trt 9 64 
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Planting Design for Field Experiment I 
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< 
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Legend 

Species 

1 = 4-Wing saltbush 

2 = Cottonwood 

36' 
9i 

df 

Species 1 

Trt 1 

Water 2 

Sp X Trt 1 

Sp X W 2 

Trt X W 2 

Sp X Trt X W 2 

Total 12 

Watering 

A = One Time 

B = Twice 

C = Three Times 

Treatment 

N = No Treatment 

T = Treated, 1.4% TERRA-SORB 

error 

Reps 3 
R X Sp 3 

R X Trt 3 

R X W 6 

R X Sp X W 6 
R X Sp X Trt 3 

W (R X Sp X Trt) _6 
Total 36 

Planting Design for Field Experiment II. 
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No treatment 

1.4% TERRA-SORB Mixture 
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df 

Species 3 

Treatment 2 
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Error 
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Planting Design for Field Experiment III 
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Table A-l. Height and Stem Measurements Taken before Planting and after 3 Months 

by Treatment Level and Species. 

SPECIES 

Saltbush Desert Willow Eucalyptus Cottonwood 

Treatment levels 

° -1 1^0 2^0 0 jjj IgO 2^0 0 1^0 2j3 0 ^ jUO 2.0 

6/18/02 6/22/82 

Avg. Height in 
inches at 
Planting 18" 18" 13" 18" 16.1" 16,1" 16,1" 16.1" 14.9" 14.9" 14.9" 14.9" 39.6" 39.6" 39.6" 39.6" 

Avg. Height 
(inches) on 
9/19/82 24" 25.3" 25.0" 25.7" 38" 46" 46.3" 60,7" 32,3" 26.3" 26.3" 29.3" 40.3" 50.0" 43" 43" 

IS Increase 25?® 23% 30?i 30;i 58"'. 65# 65% 73.5% 54% 43','fc 43^ 51?* l,7f» 20.8% 8?5 

Avg. Stem 
X-Gectional 
Area at 
1'lanting .01 .01 ,01 .01 .03 .03 ,03 .03 .01 ,01 .01 ,01 .10 .10 ,10 .10 

Avg. X-
iJectional 
Area 
9/19/82 .22 .12 .20 .13 .09 .09 .11 ,16 ,06 .06 .04 ,10 .15 .13 .18 .10 

Vi Increase 95',S 92^ 35% 92% 67% 6775 75?i 81?a B3;S 83?S 75% 90;j 331$ 23?5 445S 0 

cj\ 
lo 



Table A-2. Analysis of Number of Days until Plant Death—Both as Combined with 

and without Living Trees. 

Treatment 1 2 ? 4 5 6 7 8 
A DVB 

(lion-treated) 23 113 109 82 107 102 *200 *200 

B 
(Treated) *200 138 07 *200 *200 86 124 102 

Totals 223 251 196 282 307 188 324 302 

Source 
HOVA 

SS MS 
OB 
P 

Req F 
.05 .01 

Total 23 71423 3205. .35 

Reps 11 36099.46 3281. .77 1.07 2.72 4.22 

TRT 1 1683. 37 1683. .37 .55 4.75 9.33 

ilRROR 11 33640 .15 3058.2 

Treatment 

Dead Trees Onlv 
Reps 

1 2 3 4 5 6 Total X 
A 

(lione) 
B 

(Treated) 

23 113 109 82 107 102 536 89." 
A 

(lione) 
B 

(Treated) 138 87 86 124 102**140 677 112.1 

Total 161 200 195 206 209 242 1213 201. 

Source 
iJOVA 

SS MS 
OB 
F 

Req F 
.05 .01 

Total 11 10531 457 

Reps 5 1699. 4 339.9 .24 5.05 10.97 

TRT 1 1656. 8 1656.8 1.15 6.61 16.29 

liRROIt 5 7174. 8 1434.96 

10 11 12 Totals 

*200 *200 *200 *200 1736 144.67 

*200 

400 

*200 

400 

*200 *200 

400 400 

1937 

3673 

161.42 

253.04 

*200 days used to designate 
trees still living 

a\ 
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