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INFORMATION MEMORANDUM
 

The Potential of Starch Graft Polymers, "Super Slurpers," for
SUBJECT: 


Forestry and Agriculture
 

"Super elurpers," also called "superabsorbents," (ohemioally
 

identified as hydrolyzed starch polyaorylonitrile graft oopolymers) can absorb
 

2,000 times their weight in distilled water. Absorbents, tnickening agents,
 

(Seo. I).
soil additives and seed ooatings are among their various uses 


Among sev6ral uses in forestry and agriculture in the LDC's, I see a
 

great potential for employing superabsorbents to saturate the roots of
 

seedlings before transplanting them in areas that have limited or sporadic
 

rainfall. This would create a reservoir of moisture that the seedlings could
 

draw upon during the critical establishment period. Successful establishment
 

and good early growth of outplanted seedlings are important elements in any
 

In an article in the Australian
reforestation and agricultural program. 


Forest Grower (March 1983), a similar product, Agrosoke, is attributed with
 

having "great potential for establishing trees on difficult sites during the
 

dry season (Sec. II).
 

In a test conducted in Louisiana for tree seedlings outplanted
 

within 48 hours, survival of seedlings dipped in superabsorbents had an 84%
 

rate of survival, while those dipped in clay slurry had a 49% rate of survival
 

(Sec. IV). In experiments at Auburn University, superabsorbents added to pine
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bark medium reduced water stress and increased nutrient retention (Sec. V).
 

At the University of Georgia, superabsorbents increased germination of
 

Phaseolus volgaris "toporop bushbean," increased the water-holding capacity
 

and reduced watering requirements when grown in a soilless growing medium
 

(Metro-Mix 3001 (Sec. VI). Results from tests conducted by the Department of
 

Agriculture show that superabsorbents can be used as an inoculant carrier for
 

Myoorrhizal fungi. Treating seedlings with the fungi results in improved
 

growth because root structure is changed, improving the ability of trees to
 

obtain nutrients [(Sec. VII) also see Sec. VIII].
 

Superabsorbento are reported to improve germination of seeds and increase
 

survival of plants, reduce transplant shook, increase yield, promote faster
 

growth, minimize erosion (by more rapid establishment of ground cover) and
 

permit more efficient use of water resources. It is also said to improve
 

aeration and drainage, and does not promote root rot. Dipping "bare rooted"
 

seedlings keeps the roots moist, increasing survival and minimizing transplant
 

shook (Sec. III).
 

Often, a growing medium used in containerized nurseries, especially those
 

with high organic content, dries out rapidly after seedlings are removed from
 

the containers and transported over long distances. This results in high
 

mortality. The root mass can be dipped in a superabsorbent slurry, which
 

would act as a binder for the medium and keep the roots moist during
 

transport. Superabsorbet slurries should also be an excellent carrier for
 

Hhizobitim and frankia and should be an excellent means of inoculating
 

nitrogen-fixing trees.
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A modified superabsorbent oortaining graphite has beer developed
 

specifically to coat seeds and to lubricate planting equipment. Absorbent
 

particles draw moisture from the humid air and the soil. In expanding they
 

form a gel "fuzz" at the seed surface. Moisture held by the gel softens seed
 

tissues, promoting rapid germination. Plants grow faster because moisture is
 

readily available to the seedlings (Sec. II1).
 

Another method of direct seeding worthy of consideration is to dig a hole
 

or make one with an auger, then fill it with a good nursery.mix soil combined
 

with a superabsorbent and direct seed into the hole just before the main rainy
 

season. The seeds should be scarified (and dried after scarification) and
 

inoculated with Rhizobium if so required. It is recommended that two or three
 

seeds be placed in each hole and the weaker seedlings that emerge should be
 

weeded out 1-2 months after emergence.
 

There has been some speculation that superabsorbents might draw moisture
 

from a seed or away from roots in water-stressed soils. Not so, says USDA
 

expert Dr. William M. Doane*: "Under such stressed conditions, the seed or
 

root system would be so dry that it would be dead anyway." The retention
 

forces of the plant are stronger than the suction forces of the
 

superabsorbents. But the suction of the superabsorbents is stronger than the
 

retention of the soil; therefore, moisture would be extracted from the
 

surrounding soil. Dr. Doane and his colleagues at USDA invented this family
 

of chemicals in the 1970's and USDA holds the basic patent on them (Sec. I).
 

* Dr. William M. Doane, USDA Agricultural Research, North Central Region, 
2000 W. Pioneer Parkway, Peoria, Illinois, 61615, Tel: (309) 685-4011. 



Several compa~nies now manufaoture and/or distribute variatios of the
 

USDA-developed super slurper and some are making noteworthy claims. Henkel
 

Corporation, Industrial Services International, Inc., Spenco Medical
 

Corporation, Grain Processing Corporation and A.E. Stanley Manufacturirg
 

Company have advised that they can provide development quantities of
 

staroh-based absorbents (Seo. I).
 

It should be noted that only superabsorbents that have proven effective
 

and beneficial in use with plants should be considered for use in agriculture
 

and related industries. Superabsorbents are available which, if used, could
 

adversely affect plants, as they contain chemicals that may be phytotoxic, or
 

they may hold water with such tenacity that it is not available to plants.
 

Industrial Services International, Inc. provided information concerning
 

its product, "TERRA-SORB," for use in forestry and agriculture. I have
 

included its informatio in this compilation along with the more general
 

information on superabsorbents (Sec. III) (Seo. I). ISI states that
 

TERRA-SORB will increase crop production, reduce losses, conserve water,
 

reduce labor costs and in other ways benefit farmers, foresters, greenhouse
 

operators, conservationists and others concerned with the growing of plants
 

(jec. III).
 

According to ISI, experiments conducted in a semi-arid area of the United
 

States showed 12-15 % increase in wheat yields in fields using TERRA-SORB
 

compared to those not using it. Tests conducted with oats, beans and other
 

crops have shown that the use of TERRA-SORB as a seed coating can result in a
 

10-15 % increase in their crop value per acre. Average yield increases of 5-7
 

bushels per acre have been reported. As reported by the Soil Conservation
 

Service, use of TERRA-SORB 200G doubled the plant growth (height) and
 

accelerated seed production (Seo. III).
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ISI gives typical costs for applying TERRA-SORB as: less than $10 to
 

treat a cubic yard of media, which equates to about 6 cents to treat a gallon
 

container, 4 cents to treat an eight-inoh hanging basket and 6 cents to treat
 

a 72-oel1 bedding flat. Used as a gel dip, 50 seedlings can be treated for 1
 

cent. The cost for use in sodding or hydromulohing is 8/10 of a cent per
 

square foot. In transplanting, a plant with a one foot diameter root ball can
 

be treated for 40 cents. The cost for treating 10,000 forestry seedlings is
 

$3.75. One hundred pounds of seed can be treated with TERRA-SORB 200G for
 

approximately $6. Because of the varying quantities of seed planted per acre
 

for various crops, the cost per acre of seed treatment can vary from 10 cents
 

for crops such as tomatoes (1/2 pound of seed per acre) to about $7 for wheat
 

(120 pounds of seed per acre). I assume that the cost of the other companies'
 

products would be approximately the same.
 

Industrial Services International, Inc., has been kind enough to provide
 

me with a brochure and samples of its product, which I have included as an
 

insert. ISI has also indicated a willingness to provide technical services to
 

demonstrate its product and train people in the use of superabsorbent
 

technology. Those desiring these services are asked to pay for travel and per
 

diem and the company will cover the salary of the technician for a limited
 

time period.
 

Although I have included 181's brochures and samples of its products in
 

thia compilation, this in no way constitutes an endorsement.
 

Since the 1970's, superabsorbent technology has evolved to the point where
 

it should be appropriate for use on a commercial scale, especially in areas
 

subject to moisture stress. The practical implementation of this technology
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will do much to increase the effeoienoy of reforestation and agricultural
 

projects. There will, of course, be a continuing need for additional research
 

to identify additional ways that this technology can be best utalized for the
 

benefit of the LDC's. I would appreciate hearing of the results of the use
 

superabsorbentn in the LDO'e.
 

Mlohaet-D. Benge
 

S&T/FNR Agro-forestation
 
Rm. 515-D, SA-18
 
Agency for International Development
 
Washington, D.C. 20523
 
April 20, 1984
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SUPER SLURPER 
Compound with a super thirst 

A NEW SUPER SLURPER is expected to
 
1- intensify the interest of industry,
 
agriculture, and science. Besides hav.
 
ing a potentially useful "split per.

sonality," the new generation slurper
 
can absorb 2,000 times its weight of
 
distilled water.
 

The new slurper represents the third
 
re.search generation of a family of
 
water.laboratory starch products dis.
 
covered at the Northern Regional Re­
search Laboratory, Peoria, Ill.
 

A first generation slurper earned the
 
family name by absorbing 300 times
 
its weight of water. A member of the
 
second generation confirmed the fam­
ily trait by absorbing 1,400 times its
 
weight of water, half in 30 seconds and
 
most of it in 10 minutes.
 

Super slurpers, chemically identified
 
as hydrolyzed starch-polyacrylonitrile 
 ,graft copolymers, are under study b)yt - .,, '.;.
 

ARS chemists M. Ollidene Weaver,
 
;eorle F. Fanta, Neil W. Taylor, and
 
Williain M. Done and engineer Ed­
ward B. Bagley, at the Northern Lab-


' 
oratory. With other scientists in ARS,
 
State experiment stations and industry,
 
they are studying slurpers as absorb­
ents, thickening agents, and soil addi-
 ,. -7 Atirves."."': 
 "; •,",& .-- ,-a _ "
,-,-- ; 


The researchers are providing in- .
 .:... ' '.,..formation and samples in response to . ., .u-., 
!equests froni Europe and Japan as 
well as tll parts of the United States. . 
Super slurper has caught the attention ' 
 "
 
of manufacturers of products from dis• 
posable diapers and kitty litter to soil 
conditioners and seed coatings. More
than 50 potential applications have sur- Dr. Done demonstrates that only f grams f super aheper will i);;,1,faced in several hundred letters of in. 1 000 grams of water. In powder or flake form the aborl,ant congl iquiry that'have been received by sci- the water to the consistency of crushed ice. La ter generations of the Rilper

nlurpere can absorbntists at the Northern Laboratory. 0 7 R 2 -5 ) up to 2,000 times their weight of dietilled water 

(O375R222-1SA). 

N-/
 



• .. . .... . f: Dr. 

Le:" Dr. Rutsell, initiator o1 tli sarch raf ting studis at the 
Northern Laboratory, holds a a,, r of congcrlud water. HC 
says that viqr ,:hupcrs dm ,a ,*a(0 tl; t c,o i' ,cfts of u,iU­

. ally renewable farm Cownwhii caii bta osed to ectceud and 
conserve limited petroleum rt,,Loa, i;dtht fho,t combiwitions. 
o* nlatura and Bnuthe tic aitI (iN mu ha ;t' in!fu propcrties 
t at neither pa'rent 'alviiu .I,.iu lifis ( , ,."i(-- 25A). Above: 
Glistening like crsqhcd ir1, 1,,(f Mri Solid at room lem­
perature, a 7nixture of 99 p a, o int ', parts slurper 
surprises Mios Weaver by "not flowi': froa aL smooth, fiat 
surface (o375R223-29). 

:urer.- sturlwe lII has a "split pea­

_oijalitv*' built in bv mechanical treat­
mnenit. It is a laboratory specimen 

produced in test tube quantities by 
",," .Dr. Bagley and Dr. Taylor in basic 

studies that have been aimned at Icarning 
what makes a shirper and how to con. 

de' trol it. 

"M Unlike carlier slurpers--which dis­
perse in waler to form gelc that are 
difficult to pnur--slurper III dissolves., 

ik and tile solution pours like water. It 
easily penetrates such porous materials 
ats cloth and sand. When the solution 
dries mcd is aged or heated, super 

A -slurpcr IIl rvetrt, to the farmily be­
..-Of. havior. It forns gel dispersions when 

water is added again. Slurper III 

studies shaow how to make a slurper 
with a selected i:apacity of up to 2,000 

times its weight of water. 
IFilling req nests for research sam-

Super slurpers can also be produced in fihn forms as well as powdered. pies, Mis, Weaver and Dr. Fanta regu-
Dr. Fantalooks on as a film o the compound, originally the size of the stencil 
held by Miss W1'eaver, expands three-dimensionally when placed in water larly mak ,Jurper, that absorb 700 to 
(0375l228-8). 800 ti aes their weight of water or 55 

times their weight of J;mulated urine. 

(Simulaled urine contains urea, salt, 
magnesium sulfate and calcium chlo. 

ride in water.) Against pressure 180 
times that caused by gravity, tlhese 
slurpers have almost 40 times the urine 
absorrilion eapac'ty of cellulose fibers. 

\a,\
 



Dr. Fanta demonstrates that with the 
help of super slurper a screen wire 
"beaker" can hold water iiat as well as 
a glass beaker (0375R220-36A). 

Cellulose is the main absorbent used 
in disposable diapers, bed pads, band-

Shortagesages, and surgical sponges; 
in. in different preportions for different ef-

and rising costs of cellulose are 

the demand for absorbentscreasing 
that cost less, absorb more, and have 

less bulk. Bulky materials cause prob-

lems in sewage disposal. 
What ebout costs? Estimating the 

cost of corn starch at 8 cents a pound, 

engineer Virgil E. Sohns estimates that 

super slurper could be made for less 

than 30 cents a pound in a plant with 

a capacity of 5 million pounds a year. 

Dry super slurper can be made as 

films; thin, cushiony mats; flakes; or 

powder. When a film takes up water, it 

expands to a sheet of gel but retains its 

dry shape. Films of the original slurper, 

300 times their weight oftaking up 
water, expanded 33 times in surface 

arca. 

Gel sheets contract and bec3me rub. 

beiv in dilute acid. They expand again 

in dilute alkali solution. 
Coatings with these properties cgn 

be formed on sand grains, straw, wood 

shavings, all kinds of natural and syn-

It
 

400 grams of water (0375Rf21-26A). 

thetic fibers, seeds, and other materials 
wherewater.absorbent properties would 

have value. Super slurper can be added 

4* 

Miss Weaver does an experiment to show one of the potenticl'1-805 of 
soiLs. Sand in th,- put on 

super slurper8-increase water retentiot of 
5o of 400 grants of water poured through it, wicie 

the left held only 
the other pot helh all 

a 500 to I mixture of sand and super slurper in 

fects to a variety of porous materials 

like cloth or soil. 
Only 1 percent of the slurper (dried 

in sand) is needed to bind sand firmly 

be used for molds in metalenough to 
says. As little ascastings, Dr. Bagley 

sur-0.1 percent would hold sandy soil 

faces against 4ind erosion. In either sit-

uation, slurper and sand woud absorb 

and hold more water than sand alone, 

Super slurper increased water-hold-

ing capacity of sand and greatly en-

hanced the top growth of oats planted in 

it in greenhouse tests at Iowa State Uni-

versity, Ames. William D. Shrader, pro-

fessor of soil management, compared 

the growth of oats in sand and in ­

to 250 partsmixture of 1 part slurper 

sand. He saturated and then drained 

both the sand and the mixture just be-

fore he seeded the oats. 

The sand retained only 24 grams of 

water compared with 317 grains of 

watei held by the sand.slurper mixture, 

14 days afterOats in the sand died 
seeding. The top growth weighed 0.03 

gram. By contrast, oats in the slurper­

treated sand lived I1 days longer, dying 

25 days after seeding. The top growth 

weighed 0.32 gram. 
Dr. Shrader is arnonu wore 

scientsts in agriculture and 

dustries who have obtained 

samples of super slrper 

Northern Laboratory Other 

than 700 
otlher in­
research 

from the 
scicltso, 

are obtaining sarrplo.s from General 

Mills Chemicals, Inc., Minneap~i'. 
General Mills, one of five cuinpeni's 

-hat have licensed a super slurper patent 
1 theapplication (Serial No.456,911), 

only supplier of devclopmc ta! quan­

tities of the absorbei. 
Super slurpers are a brancli of the 

family of starch graft copolywui or 

which Charl" R.Russell, no%,; chi,.1 , 

cereal products reseaich, tarted r;e.­

search at the Northern Laboratory early 

in the 1960's. ;-afts of icryl,,nilihe to 

starch were studied ntenively by 1)r. 
A. (;r1glieniliRussell, chemists Lcw,'is 


and Robert C. Buri, and Carl E. Rist,
 

[l
now retired, and others. 
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POTENTIAL "SUPER SLURPER" APPLICATIONS
 

Medical (absorption of body fluids--blood, urine, saliva, and
 
prespiration)
 

catamenials
 
disposable diapers
 
bandages
 
incontinent pads
 
surgical gowns
 
surgical sponges
 
bed pads
 
foot cushions and pads

gloves (welding, etc., heavy asbestos)
 
cosmetics, lotions
 
tablet disintegrant
 
powders--hand, body
 
dental rolls
 

Agricultural--Horticultural
 

seed coatings
 
root coatings
 
soil additive
 
hydroseeding
 
seed pelletizing

pesticide formulations 
(retain water to improve efficacy)

drip irrigation (place in irrigation water to deliver
 

gel or swollen particle to soil)
 
cut flowers
 
retain moisture during shipping of flower and vegetable
 

plants

agricultural sprays--dispersing or suspending agent

animal. bedding and pet litter
 

Thickening-Dispersing-Solidifying Agent
 

firefighting fluids
 
textile print pastes

radioactive wastes (solidification)
 
sludge (solidification)
 
athletic fields (remove excess water)

construction sites (remove excess water)

basements (remove excess water)

household products (waxes, polish, paints)
 

-- over 
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Thickening-Dispersing-Solidifying Agents--continued
 

agar substitute (microorganism cultures, insect-growing
 
media, tissue culture)
 

organic-water systems (must make amine salt rather than
 
sodium or potassium; use thickening paint strippers)
 

drilling muds and other petroleum applications
 

Water Removal from Other Liquids
 

water-oil emulsions
 
solvents
 
oil
 

Binder
 

foundry core binder (green strength)
 
pelletizing iron ore
 
charcoal briquettes
 

Paper and Textiles
 

absorbent paper towels and tissues
 
moisture retention in synthetic textiles as antistatic agent
 
water retention aid in hardboard manufacture
 

Concentrate Proteins and Other Polymers
 

remove water from polymeric materials
 

Toys and Novelties
 

Foods and Feeds
 

(many applications, but require FDA approval in
 
this country)
 



ABSORBENT POLYMER FACT SHEET
 

Henkel Corporation, 4620 West 77th Street, Minneapolis, MN 55435;
 

Super Absorbent Company, Route 3, P.O. Box 342, Lumberton, NC
 

Industrial Services International, Inc.,
28353 (Distributor: 

33507); Spenco Medical Corporation,
P.O. Box 10834, Bradenton, FL 

76710; Grain Processing Corporation,
6301 Imperial Drive, Waco, TX 


1600 Oregon Street, Muscatine, IA 52761; A.E. Staley Manufacturing
 

Company, 2200 Eldorado Street, Decatur, IL 62525 (Attention:
 

D. L. Johnson); and Edison Hydrocontrol Chemicals, Inc., 99 Madison
 

Avenue, New York, NY 10016 have advised that they can provide
 
The first
developmental quantities of starch-based absorbents. 


four listed companies have commercial production capacity.
 

Four U.S. patents have been issued based on the starch technology
 
3,985,616; 3,997,484).
(U.S. Patent Nos. 3,935,099; 3,981,100; 


Copies of patents may be purchased (50¢ each) from the Commissioner
 

of Patents and Trademarks, U.S. Patent and Trademark Office,
 

Washington, DC 20231. Non-exclusive, royalty-free licenses
 

are available through Mr. Wayne Thrush, Chief, Program Agreements
 

and Patents Management Branch, U.S. Department of Agriculture,
 

Administrative Services Division, S&E, Federal Building, Room 525,
 

6505 Belcrest Road, Hyattsville, MD 20782.
 

A patent (U.S. No. 4,134,863) has issued pertaining to the use of
 

other monomers in conjunction with acrylonitrile. We have been
 

granted a patent (U.S. No. 4,045,387) covering our research on a
 

flour-based absorbent. Developmental quantities of this material
 
Paris, IL 69144.
 are available from Illinois Cereal Mills, Inc., 


(MENTION OF COMPANIES OR PRODUCTS BY NAME DOES
 
NOT IMPLY THEIR ENDORSEMENT BY THE U.S. DEPARTMENT
 
OF AGRICULTURE OVER OTHERS NOT CITED.)
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COMMERCIAL PRODUCERS OF SUPER SLURPER
 

Henkel Corporation
 
4620 West 77th Street
 
Minneapolis, MN 55435
 

Super Absorbent Company
 
Route 3
 
P.O. Box 342
 
Lumberton, NC 28353
 

(Distributor: 	 Industrial Services
 

International, Inc.
 
P.O. Box 10834
 
Bradenton, FL 33507
 

Spenco Medical Corporation
 
6301 Imperial Drive
 
Waco, TX 76710
 

Grain Processing Corporation
 
1600 Oregon Street
 
Muscatine, IA 52761
 

(MENTION OF COMPANIES OR PRODUCTS BY NAME DOES
 
IMPLY THEIR ENDORSEMENT BY THE U.S. DEPARTMENT
 
OF AGRICULTURE OVER OTHERS NOT CITED.)
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RESEARCHNEWS 
SCIENCE AND. EDUCATION ADMINISTRATIONDoane (309) 685-4011, Ext. 322 t
 

Mayberry (309) 671-7158 
 UNITED STATES DEPARTMENT OF AGRICULTURE 

-Editors: This release is based on research and development reports

from 16 sources in 13 states in addition to the Northern
 
Regional Research Center. Names, addresses and telephono
 
numbers of the sources follow the reports.
 

Additional information on super slurper basic research,
 
1973 through 1977, and on the Northern Center scientists
 
is available from the address at the bottom of this page.
 

For release October 22
 

SUPER SLURPER SWELLS "OUT ALL OVER" IN CROP, CONSERVATION PLANTINGS:
 

PEORIA, Ill. -- Super slurper, the absorbent that swells as it jells hundreds
 

of times its weight of water, i "swelling out all over" in seed and root coatings,
 

replanting disturbed land, human care products, proprietary developments and
 

increasing production.
 

Three companies producing the starch-based absorbent report capacities that
 

add up to more than 4 million pounds a ye&,, 
about double the total claimed capacitj
 

a year ago. Other companies, including one with a new super abscbent, are enterinc
 

the industry that is based on 
the 1973 discovery in starch reseaTch at the Northern
 

Regional Research Center here.
 

Reports received at the U.S. Department of Agriculture laboratory from
 

industrial and research sources indicate that production will have to continue
 

increasing to keep pace with use and company expectations based on proprietary
 

developments and research results.
 

- more ­
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Planting uses alone could eventually account for more than 100 milliotl­

pounds a year of an absorbent that jells hundreds of its weighttmes of water, 

estimates William M. Doane, Northern Center research leader.
 

"Earlier reports pointed toward absorbent soft goods as the most promising
 

application," says Doane, "but planting uses emerged 
 as the leader this year." 

Research sources report corn, soybean and milo sorghum yield increases ranging
 

from 10 to 50 percent in seed coating field tests. Fifty cents' worth of super 

slurper returned 50 dollars' worth of increased cotton yield in one test.
 

A 20-million-tree-a-year nursery reports using super slurper to reduce
 

losses in bare root stock, Doane says. 
A company using the absorbent in a prepa­

ration for "hydromulching" grass seed on disturbed land estimates that up to 10
 

million acres is disturbed annually as mine spoil, under power lines, over pipe lines,
 

along highways, in airport and dam construction and similar projects.
 

Some reports list forest fire-fighting aids, incontinent pads and ostomy
 

bags among current non-agricultural applications and refer to what Doane terms "less 

obvious future applications." These applications range from uses not yet imagined
 

to the practical technology of now.
 

One producer, for example, refers to potential uses "beyond anything con­

sidered at this time." A spokesman for another company believes "the scope and
 

frequently esoteric nature of potential applications" preclude comprehensive develop­

ment of all uses by one company. 

Another company spokesman refers to coming "new applications with patent
 

coverage" and products "to be introduced worldwide." A fourth company, meanwhile,
 

shares hard-learned technology to help develop markets
 

- more ­
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"The reports reflect the early stages of an industry based on a new 

concept," Doane says. 

Several 	water-jelling absorbents, made by chemically grafting man-made
 

acrylic 	compounds to cereal grain starch and hydrolyzing the combinations, were 

introduced as super slurpers, 1973-77, by Doane, M. Ollidene Weaver, George F
 

Fanta, Edward B. Bagley and other scientists at the Northern Center.
 

The super slurpers, absorbing 300 to 5,300 times their own weight of pure 

water in the laboratory, established new standards of absorbency and a name for 

the standards, the producto and the industry. Henkel Corporat-on, formerly 

General 	 Mills Chemicals, Minneapolis, is taking steps to trademark "Super Slurper." 

Three companies produce the starch-based absorbent. Henkel licensed the 

first USDA patent application in August 1974; Super Absorbent Company,
 

Lumberton, N.C., in March 1976, and Spenco Medical Corporation, Waco, Tex., in
 

October 1977. A total of 45 companies or individuals have licences on three USDA
 

patents now.
 

A. E. Staley Manufacturing Company, Decatur, Ill., is announci.ng a new 

absorbent in the super slurper class. American Ag & Bio-Tech, Inc., North Little 

Rock, Ark., plans to produce seed coatings. Bioferm International, Moorestown, 

N.J., is marketing agricultural products containing a super slurper and expects 

to produce its own absorbent within 2 years. 

Howard E. Worne, president, Bioferm International
 
209 Chester Ave., Moorestown, N.J. 08057
 
Ph. 609/234-2884
 

- more ­
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Henkel announced in June 1978 a 2 million pound-a-year 'plant at Kankakee,
 

Ill., to develop markets. That capacity has doubled reports Earl Skinner of the
 

SGP Polymer project. "We expect to be the dominant super absorbent supplier,"
 

Skinner says and adds that the company is expanding also in marketing and research,
 

especially in developing technology.
 

Henkel has developed and released information on using SGP in seed
 

coatings and soil additives, "soil-less" potting mixes and electrostatic coatings
 

on tissue and other paper-like materials for diapers and pads. Skinner says
 

releasing the information helps develop markets.
 

"We are expanding service in personal care and several emerging industries
 

with high quality material and a variety of new products," says John Gilmore, also
 

on the SGP project.
 

"We have extensive seed coating technology," Gilmore says. "It permits
 

.adding thin coatings, which do not change seed size substantially, or pelletizing
 

which does increase seed dimensions significantly
 

"We can coat seeds as small as guayule, as large as castor beans and as
 

frail as peanuts." Guayule is a rubber-producing desert plant under development
 

as a United States rubber crop.
 

Gilmore says seed coating research is continuing on vegetables and other
 

crops including corn, sorghum, soybeans, sugar beets, guar and jojoba, a desert
 

shrub that produces a liquid wax replacement for sperm whale oil.
 

Super slurper coatings "form a gel capsule of water around each seed,"
 

Gilmore says. "The amount of coating is extremely important in providing water
 

uptake without drowning the seed.
 

-more­
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"The coatings lead to an increase in stand from lower seeding rates,'
 

better emergence, more uniform and vigorous stands and higher yields." He says 

the coatings help especially in dry land planting, under irrigation, on low
 

quality seed, and in double cropping, for example, soybeans in wheat.
 

He says other materials can be added to super slurper seed coverings to
 

protect against disease and insects, break down seed coat impermeability, absorb
 

toxic residues of herbicides and stimulate root growth or the germinating embryo. 

A test covering on cottonseed, for example, contained fungicide and embryo
 

stimulant.
 

Cottonseed coated with super slurper produced 50 dollars' worth more
 

cotton an acre than uncoated seed produced last year in a test near Vernon, Tex.
 

Applied at the rate of a pound to 100 pounds of seed, the absorbent cost about
 

50 cents an acre.
 

John Gilmore, SGP Polymer Project, Henkel Corporation
 
4620 West 77th St., Minneapolis, Minn. 55435 
Ph. 612/830-7891
 

Slurper-coated corn "planted under moderate to severe moisture stress" 

produced 4,100 more plants an acre than "naked seed" produced and yielded 13 more 

bushels than the 123-bushel control yield in field tests by Dale E. Behmer of 

American Ag & Bio-Tech. 

Behmer says coated soybeans broadcast in chemically killed sod "showed 

,7 to 28 percent stand improvements" over uncoated beans in Arkansas tests. 

Highest yield increase from coating soybeans was 18 bushels an acre. 

- more ­
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Coating milo seed increased yields in a range of 17 to 49 percent on
 

chemically killed sod in Behmer's Arkansas tests.
 

Dale E. Behmer, president
 
American Ag & Bio-Tech, Inc.
 
P.O. Box 9147
 
North Little Pock, Ark. 72119
 
Ph. 501/227-6107
 

At'least one step beyond planting coated seed is the possibility of sowing
 

pregerminated seed in a super slurper gel. 
 "The gel protects the exposed root
 

from damage and facilitates planting," says Alan Taylor, research assistant to
 

James Motes in the Oklahoma State University Department of Horticulture.
 

Taylor says the gel-seeding technique offers "earlier emergence, better
 

and more uniform stand and greater ability to withstand environmental stresses.
 

It can be used on flower, tree or crop seed as well as on vegetable seed.'
 

He says that 20 acres were planted with pregerminated vegetable seed this
 

year. 
"Greenhouse growers will benefit in the future by sowing pregerminated
 

seed," Taylor says.
 

"The significance to consumers may not be seen for several years. 
The
 

question is will the tech.ique be accepted by the vegetable industry and to what
 

extent."
 

Alan Taylor, research assistant
 
c/o James Motes
 
Department of Horticulture
 
360 Agricultural Hall
 
Oklahoma State University
 
Stillwater, Oklahoma 74074
 
Ph. 405/624-5404
 

more ­
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Florida nurserymen and other growers use super slurper to start and g/gp
 

high value vegetables, foliage plants and ornamentals in trays, beds, pots and
 

sandy fields where water is vital and expensive.
 

James J. Quinn, Industrial Services International vice president for
 

agriculture, says the absorbent cuts water use 90 percent on bedding plants and
 

seed trays, cuts misting time on foliage plants and shortens the usual 4 to 5
 

weeks between potting plants and marketing them by about a week because the
 

plants develop faster in slurper-treated soil.
 

Quinn says farmers, greenhouse operators, nurserymen, condominium owners,
 

landscapers and bare-root shippers use the absorbent in areas ranging from mini
 

trays to acreages for all kinds of plant growing. "The only exception is hydro­

ponics," he says.
 

One seed germinating company turns out a million vegetable and ornamental
 

seedlings, 595 per 2-square foot tray, an hour for sale to commercial growers. A
 

palm tree grower expects to cut his 100 dollar/acre/year water bill. Sod layers
 

broadcast a pound of the absorbent to 500 square feet before they lay uod on sandy
 

soil. Quinn says super slurper holds water in the root zone instead of allowing
 

it to soak deeper into the sand.
 

He says his "tongue is hanging out from keeping up with the marketing,"
 

and he wonders whether super slurper producers can keep up with the use.
 

James J. Quinn, vice president for agriculture
 
Industrial Services International
 
5309 36th Avenue Drive West
 
Bradenton, Fla. 33505
 
Ph. 813/792-7778
 

- more ­

NC-226
 
10-15-79
 



-8-

For mulching seed on disturbed land, ca led "hydromulching" because tl 

mulch is applied in water, Grass Growers, Plainfield, N.J., uses super slurper as
 

a "inder or tackifier as well as absorbent. Charles DeAngelis says he was "lowking
 

for materials not on the endangered species list" (replacements for petrochemicals) 

when he heard Burgess Kay of the University of California, Davis, report research
 

on the starch-based absorbent.
 

DeAngelis says super slurper and fibrous mulching materials in water 

develop into a viscous slurry not toxic to plants or other living things. The 

absorbent dries to a water-absorbing, insoluble film that holds hay, straw or wood
 

or paper fiber together. This forms a kind of thatch that protects seed and soil
 

against heavy rains but absorbs moisture to help seeds grow, DeAngelis says.
 

He claims Grass Growers' Terra Tack AR is a "replacement for an endangered
 

species," asphalt.
 

Charles DeAngelis
 
Grass Growers, Inc 
424 Cottage Place
 
Plainfield, N.J. 07060
 
Ph. 201/755-0923
 

Musser Forests, Indiana, Pa., uses and markets super slurper as Water Gel
 

for root coatings. "We think this is just the product we have been looking for to
 

reduce losses in bare root trees," reports Fred Musser, Jr.
 

He estimates that Musser Forests coated the roots of 2.5 million trees for
 

.shipping in 1979. Large orders are not root coated now because water held on the
 

roots adds to the transportation cost.
 

- more ­
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"We feel that super slurper will retain moisture around roots of plan't 

during shipment better than other materials we have tried," Musser says. "It 

also appears to increase the survival rate of bare root plants for field planting
 

in hot, dry weather."
 

This year's experience gave an example, Musser says. The nursery completed
 

its own plantings late -- in the hot, dry weather of June. By the middle of
 

September, 85 to 90 percent of the root-coated seedlings were growing. Survival
 

rate of untreated seedlings was zero.
 

Fred Musser, Jr.
 
Musser Forests, Inc.
 
Indiana, Pa. 15701
 
Ph. 412/465-5636
 

Coating roots and seeds and hydromulching might be considered "localized
 

soil treatments," efforts to increase water retention of the soil in close proximity
 

to plant roots. Soil treatment of a more general scale has been studied.
 

David E. Miller, USDA soils research leader at Prosser, Wash., studied
 

effect of super slurper on water retained by soils after irrigation. "Although
 

present costs of super slurper may be prohibitive, except for specialized conditions
 

and high value crops," Miller says, "our data indicate that water retention of 

sandy soils can be greatly increased by treatment with super slurper." Some 

sandy soils are "marginally irrigable because of low water retention," he says. 

He added super slurper at the rate of 0.5 percent by weight to the upper 60
 

centime :ers (about 2 feet) of sand in laboratory soil columns. This treatment
 

"increased the available water retained by the sand to nearly the same levels as that
 

- more ­
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retained by a loam and a silt loam," Miller says. "This effect could also derease­

wind erosion through maintaining a moist surface for a longer period after irrigation. 

David E. Miller, research leader
 
Irrigated Agriculture Research and Extension Center
 
Science and Education Adininistration, USDA
 
P.O. Box 30
 
Prosser, Wash. 99350
 
Ph. 509/786-3454
 

Based on Iowa field and laboratory tests starting in 1975, W. D. Shrader,
 

Iowa State University professor of agronomy, says, "A sandy soil treated with 0.2
 

percent by weight of super slurper has about the same water holding capacity aS
 

the best of the Corn Belt soils."
 

Complete modification of a sandy soil would be "prohibitively expensive,"
 

he says, "but there are situations in which slight or localized increases in
 

available soil water would be highly beneficial." He cites, for example, a field
 

trial on a very sandy, 30--percent slope on a dam construction site near Webster
 

City, Iowa. The area was devoid of vegetation.
 

Alta fescue was seeded in three sloping areas treated with 0.0, 0.1 or 0.2
 

percent of super slurper. After 3 months, fescue harvested from the 0.2-percent
 

aaea weighed four times as much as that from the untreated area and twice as much
 

as fescue harvested from the area that received 0.1 percent super slurper.
 

Prof. W. D. Shrader is retiring from the Department of Agronomy, Iowa
 
State University, and not available to answer
 
questions. The information is based on "Potentials of
 
a Polyacrylonitrile-Starch Polymer, Super Slurper,
 
To Modify Water-Holding Properties of Soils," Journal
 
paper No. J8681, Iowa Agriculture and Home Economics
 
Experiment Station, Ames, as published in Coatings
 
and Plastics Preprints, Vol. 37, No. 1, American
 
Chemical Society, 173rd National Meeting, New Orleans,
 
1977,
 

- more - NC-226 
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An Iowa company has added super slurper to the formulas for products o­

applied to seed, soil or plant leaves for horticultural and field crops, mainly 

soybeans, corn and small grains. 

Marie Anderson of In Vivo, Inc., Iowa City, says super slurper improves
 

uniformity of distribution of other components in the products and adds water­

holding capacity.
 

The formulas include sources of nitrogen, phosphorus and potassium, 

chelated trace elements and proprietary ingredients. Anderson says soil and foliar
 

products are applied as need is indicated by soil or plant tissue tests. Seeds
 

can be treated by either wet or dry processes.
 

She says farmers as well as flower and ornamental growers are among repeat
 

customers.
 

Marie G. Anderson, general manager
 
In Vivo, Inc.
 
Box 2537
 
Iowa City, Iowa 52244
 
Ph. 319/338-5135
 

Super Absorbent Co., producing about 150,000 pounds of Magic Water Gel
 

a year for tree, tobacco and tomato root coatings and for ostomy bags, has installed
 

equipment for a second slurper product.
 

Tobacco growers tell Ed Kirkland that in 2 years' experience, root coatings 

give greater results if soil conditions are dry at planting :ime. They claim that 

root coatings give plants a faster start and cut replanting in half. 

One grower, Willis Branch, told Kirkland, "At the time of topping, these
 

(treated plants) were 6 to 8 inches higher than the rest."
 

- more ­
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Tomato growers say root coatings give "better survival and stronger, 

bigger, earlier ptoducing plants."
 

RJ rkland says "This material has capabilities for uses beyond anything
 

considered at this time."
 

Ed Kirkland 
Super Absorbent Company 
Route 3, Box 342 
Lumberton, N.C. 28358
 
Ph. 919/739-3839
 

Spenco, with an annual production rate of about 250,000 pounds, markets
 

a super- slurper called "Absorption Flakes" for ostomy bags and incontinent pads.
 

We are doing market development work in all areas, including a concerted effort
 

in the medical field," says Research Director Edward Stout. "We are workinq with
 

other companies to develop other uses.
 

"New uses being investigated have potential markets of millions of pounds
 

a year." Spenco soon will introduce new products with natent covpraap nn 
A wnflA
 

wide basis Stout says.
 

Ed Stout, director of chemical research
 
Spenco Medical Corporation

?.O. Box 8113
 
Waco, Tex. 76710
 
Ph. 817/772-6000
 

A new starch-based absorbent, Stasorb 372 is available from A. E. Staley Co.
 

for testing and limited scale evaluation. "Stasorb is functionally similar to super
 

slurper, which served as incentive and model," says H. W. Renshaw, marketing communi­

cations manager. "Chemically, however, Stasorb is the potassium salt of a starch
 

polyacrylate graft copolymer and, therefore, exhibits certain properties that differ
 

from those of super slurper." 
NC-266
 

- more ­ 10-15-79
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Potential applications of Stasorb include controlling wind erosion of­

soils; dust abatement in ore and coal excavations, and use on gravel and dirt roads
 

and race tracks. Additional potential uses include removing water from mixtures,
 

including water-hydrocarbon mixtures; soil conditioning; seed coatings; diapers,
 

feminine personal care and incontinent pads; flocculating and stabilizing agents;
 

moisture proofing underground tanks and cables and in pet and animal litter products.
 

"We believe the scope and frequently esoteric nature of the potential
 

applications preclude the establishment of all-encompassing usage programs by any
 

one company, producer or consumer," Renshaw says. "Each application will most
 

probably require a specific research and development effort."
 

H. W. Renshaw, marketing communications manager
 
-A.E. Staley Manufacturing Company
 
2200 Eldorado St.
 
Decatur, Ill. 62525
 
Ph. 217/423-4411
 

Plant tissue culturing and insect feeding are two esoteric applications
 

reported to the Northern Center.
 

Flow Laboratories, Inglewood, Calif., is distributing super slurper (the
 

potassium salt) as Plantgar for use as a gelling agent in plant tissue culture.
 

In research on Boston ferns, Ron C. Cooke found, "The agar substitute requires no
 

boiling to dissolve and appears to promote more shoot initiation than agar-solidified
 

medium."
 

Ron C. Cooke, technical staff
 
Flow Laboratories, Inc.
 
936 W. Hyde Park Blvd.
 
Inglewood, Calif. 90302
 
Ph. 213/674-2700
 

- more ­
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USDA Entomologist Norman C. Leppla, Gainesville, Fla., tried super sfurper;
 

starch and two cellulose derivatives in cabbage looper diets to retain moisture, 

bind other ingredients and provide acceptable texture. He says methyl cellulose
 

and super slurper "were the most practical materials and produced the greatest 

number of adequately sized pupae in the least time." 

Norman C. Leppla
 
Insects Research Laboratory, USDA 
Gainesville, Pla. 32604
 
Ph. 904/373-6701
 

In Honolulu, another USDA entomologist, Norimitsu Tanaka, used super slurper 

to control free water in a fruit fly diet. Although he changed the standard diet 

and no longer uses the absorbent, Tanaka says, "Super slurper eventually will be 

used in many diets, especially for insects with long larval periods where drying
 

problems are encountered. Currently, we can use super slurper to keep eggs in sus­

pension for seeding onto the diet through a spray nozzle and as a water source for 

adults." 

Norimitsu Tanaka 
Subtropical Fruit Insects Research, USDA
 
P.O. Box 2280
 
Honolulu, Hawaii 96804
 
Ph. 808/988-2158
 

Super slurper and similar absorbents have potential in the floriculture 

industry reports Richard Gladon of Iowa State University's Department of 

Horticulture. He is trying super absorbents in rooting and establishing chrysan­

themum cuttings. 

- more ­
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Although he has no final results, Gladon says the super absorbents 

possibly can save water, save work in watering and save fuel used in sterilizing 

root media. He points out that floriculture is a large and growing industry 

and the bedding plant segment is the largest. 

Richard Gladon 
Department of Horticulture 
Iowa State University
 
Ames, Iowa 50011
 
Ph. 515/294-1916
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A Practical Process for the Preparation of Super Slurper, aStarch-Based Polymer with aLarge Capacity to Absorb Water 
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hydroyzed with aqueous alka sd im d&We [5] (see
• 	 Varien in drying procedure allows Super Slurper, 
u the abuet hu ben aled, o be made in f &lh, 2ake,
powd or mat forsm. 
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Flur Reaction sdime for pao of absobn ma-
boned poTlmer Called Supe Slurpor. 

Initial obsetrvaon of unique absorbency of hydrzd 
SPAN (H-SPAN) in the dry saltm w made wha a 
dispersion of H-SPAN was allowed to dry: the reariaut 
film expanded three dimensionally when placed in wat., 
rapidly taking up several hundrd m a much - r a 
in own dry weight [6: (r Fig. 2). Super Slurper Is many
of the properties decibed by Burkholder (7] as desirable 
for prodct which might be incorporated into nonwoven 
disposables. T. therefore firs examined the absorbent for 
this area of application (S] and found thu it, being a poly-
dect ly e, is affected by ions in the solutio,2 absorbed. 
Super Slurper which absorbs 600-900 g of distilled water 
per g will absorb 60 g of solution calulated to simu 
urine (1.94o/. urea, 0.80/o. Na&C, 0.11'ts MgSO 4. 7HO, 
0.06 Ito CaCIt and 97.09 I. H1O). In contaK. methnicaly
duffed Cellulose Ebers absrs 32 g of l p I;. 
but wheu centrifuged at IOXg they bold only I g of ab. 
sorbed liquid per g of cellulose. One part of Super Slurpr
wilhold .37 g of simularted urine at 180 Xg. 'This ability to 

hold Liquid under moderate pemmue uggas that Super
Slurpor hu real potamnal as an abeorb4ML 

Early laboratory procedures for the hydrolysis of SPAN 
were imended to produce water thickeners, Lo. miariai 
which would disperse in water with the addition of dilum 
ban to ive vism dispersions. Three preparative tap 
were used: (i) the grA cpolymer was formed and then 
isolaed so chat =rected monomer, ma. unpraaed scarh 
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Figure I. A la1of Saper Slurper cut to desid sh pe (, hand­hold taapLas) an thena lonre in ditle vmr, swe uni­foalY in &Hdirectio. Noce Lers visible in mn flm in
C. 
and piolyuryloninile homopolymor could be ranove; 
(Hi)the pia copolymer was b---ieydrolyze and the re 
saxon mixture was thea acidified o pH 3 to permit isola. 
tion and purifiction of the saponified polymer as the free 
carboxyic add; (iWi)the saponified polymer was dipersd
in wat, ith the addition of dilute base to gi e a viscous 
dispersion.Drying of this thic dispftruiet gave our first 
absorbent polymer (6, 8]. 

In di report we will discuss w-ys to scale-up, improve 
upon and make more practical our laboratory preparation
methods (9, 10]. To consider thm a practical procedure for 
making absorbent tarth-amed polymer would: (i) avoid 
intermediate isolation stops, (ii) permit efficient removal of 
uIaUct monomer so that ratmaent with alali 'does not 
form undaimbe mocomerc acrlamide, (iii) keep the con­
cenration of ansos aIt low and (iv) liv high solids 
cancentratmion for the drying step. To achieve thes goals,
it is 0bcaU55 to select equipment that will confine the 
highly volatile, toxic monomer for the grafing step a=d 
have the capability to mix the very heavy dough generated 
durin amn hydrolysis. 

2. I 

2.4. Materials 

Acryloastrile (".5*/9 pure) was obtained from Vistron 
Corp., Lima, Ohio. MEHQ is present u stabilizer to the 
exten of 3-45 ppm (w. basis). Dow Corning antifoam
AF emulsion is made by Dow Corning fomGFruiCorp., Nfidlnd,amoumaceam 
MichigamL Caric ammonium nirate came from G. Fredric 
Smith Chemcal Co., Columbus, Ohio. Pousium hydroxide 
was obmined u 45 0/. caustic potash from Ashland Chemi­
cal, Columbus, Ohio. Sodium hydroxide was obtained as 
50 I/. castic sods (reagent grade) from McKesson c Rob. 
bins Drug Co., Peoria, Illinois. Stamia were supplied by
the following: Wimat staroi, MSWS-100, spray dried, Mid­
wa Solvent Corp., Atchison, Kansas; con rSw, Globe 
Indusctia Modified, CPC ntmational Inc., Englewood 
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U f, Now Jmey: nar* Irmn way me, Amoc, No­
daoW Scirdh a Chmical Corp., Brdwuw, Now Jawy. 

2.2. 	Eqsiipvw.w
 
Four sa,,.,, * we used a 1-1/2 Mt bbn
 

hi'MA (J. H. Day Co.). This bladw (shell work. pn.,
3Opsi as 292POF jadtat work. prem, 45 pd at 292OF) is
equipped with an external bm echagr and a tmismor 
Po connectd through a tmnsducer to a recorder, thus 
pemitndg coannuou monitorng of temperma The 
blender also has a pasumaccaly controlled Isd&axp g--. 
Lug qunthitm of polymer wete made in a ribbon blende 
(J. K Dar Co., Model C, 10 &0workiag capecit, Fig 3) 
jiacued to permit seam houing or water cooling (jadwork. press, SO psi a: 298 OF. shel work. prm., anno. a:,
298 ). The blender is equipped with a double ribbon typo
agiator and a conter dischare por Thw imm daft is 
bored its entre length, aud 20 spi-e pats 1/18 in. in diaa­er an equally speced to permit the introductio of stm 
into the product during ptocering. Matr of comction 
is ainlon stu, cype 316, on all prouct-conu dng par.
Pow ' is supplied to the aitatwo by a 5-hp m r equippedwith a vauriable spe o umiou and cha dine. Thbli va ed siifi trnh a n ndprcrnu page, The-
blend e fittedwithsidefilnabs, muear , pugs, r-mo mster, vnt valve, overhead am o fr con-
densng vapors to be collectd in a receiver and a 
porto permit sampling and he aition of monomer. 11w 
blnder a placed under a chood. 

__________sium 

iureI Ton cubic foot rbbou bleador. A - side fll mbe, B-
raIveto hu -eadar,C - v Lvtv,D - sanple pan sad 
- dom Z Pauz, 

To achiev, the hih-peed, high-dsums mixing nocausw to 
prepare higher abeorbency products, we used a 3 A'Hydra.,
pulper (Fig. 4) built by Shard. Bo. Mac:ine Co., Middle. 
town, Ohio. This madi a has an 13-in. d e r 
having 18 outside 7/8-in. van= and eight iside 11/16-in. 
vana; the rotor's peripheral speed is 3780 /min. The 
Hyhrapuper s equipped with a so, m b 
place to replace the usual perforated o 

'he drum dryer is Model GFIO made by General Foods 
Pa e Equipment Corp., Benot Harbor, MichigaiL. 1 ba 
a variable speed motor and is modified for neam heting 
the drums. 
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mr 4. Hydrapuiper. Top &awing dumw intrior viw wit. 
fixd yes an4 vaned rotor. 

The Cowles dirsincr-atr was Model 7RT with a 5-hp 
motor; the disintermtor 31,it speed is 30C0 rpm. 

2J. Small Scale e.,tczion 

Sixty pounds (27.5 kg) of distilled water and 4.74 lb(2.15 kg) of msrch (14 4/e moismur) were charged into theblende, th e lid st in pl *ceand the starch cookeari at 
194-200OF (90-99 -Q for 30 in. The disperion wa. 
cooled to 86 F (30 1C), the lid w2 raised ard 4.41 lb 
(2 kg)of acarloitrila (AN) wu aded, folowed by 21 as 

(62.6 g) o. ceric ammoniusss aira-,' dinolred in 	 2.5 lb 
(1.1 kg) of~1Mnitric z~cd. The lid was M in Place and 
dte minxtue was stirred for -- 1/2 h. The pH of the 
wa thenadjused to 7.5 with-m btg­1.1 lb (500 ml) of 

hydroxida, and a little zatifoam emulsion vwas addeti 
AN-wate azotrope vu distilled for 2 h, after which the 

mtrewas cooled lightly, anid 3.8 lb (1.724 kg) of potas­
sium hydroxide palets was added. Sapoaificion proc-eded 
a 95 C for 1 h. The reaction mass cypically about 70 lb 
(3t1.3 kg), was disdiargtd. 

2.4. Scale-Up Rtaction 

Fotu-huodred pounds of distilled '-iter was duhared by
gavity fRow thrugh the side fill tube (Fig. 3) leading from 
an upper dec reservoir. After 3e,-1/4 lb of much was

added to the stirred water and the rea-cor 
lid set in pla e,
 

the reactor was
jat.TheL heated by applying 38-40 psi steam to thesarch dspersion temperature row to ISO - 195 OF 
a was held a: thi tenperatra for 30 min, while gelatini­
zation took placa. after which the teamr ventedwas from 
the jad and cooling watr. w-s applied in its place. When 
the starch dispertion had cooled to a temperature oi 90 OF 
or loss, 34.3 lb of acrylonitrile, which had previously betn 
siphoned from it cormmercial drum into a suitably shielded 

'carboy,was blown into the re cor through port D (Fig. 3)
using nitrogen at a pressure of 2 so 3 psi. We found this 
method satiufctory for handling volatile, toxic AN. Afterall the AN was added, 0.78 lb of ceric ammonium nitrate 
wag dissolved in 14 lb of 0.1-t nitric adid and the solution 
addid through port A. Thaa temperature of the reaction 
ims ros shortly after addition of initiator was compl-eed, 
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gad this VOtherm continued at a rate of approximAtaly 
t OF/mia for 30 min. Whem the cotharm was completed
(30 min), 70 g (arbitrary amount) of commercial antifoam 
in I lb of water and sufficient commercial 45 1/ pocasium
hydroxide to neu azliza the a ii reaction mass were added 
through port A. Valve B to the heat exchanger was opened
and steani was applied w the reactor jaet. After 30 min 
of heatn&. AN-water azuetrope bean to distill. Distillation 
wan continued for I- 2 la until the distillate wa deear. To
avoid foam formation aad a pressuar build-up, for which 
the equipmen was ot designed, coolng water was run
through -he jadr until the intrnal temp ture dropped
3 F. Fity pounds of distilled water wia i thralgh 
port A to make up for waer cea during ditillation and 
dtm 44.5 lb of commercial potassium hydroxide solution 
was added for spo "nicazion.Steam was applied to the 
jade at 38 psil and maintained for I h afte whic the 
pressure was reduced to 7 psig. Scum wu paed through
the hollow perforated shaft to purge the reaction mass of 
byproduct ammonia. Jacket and sperg steam war shut off 
and cooling water was applied to the jackes When the re-
action mass had cooled o 170 IF, the reactor Lid was r ­
moved to show a light tan, bread-doughlike material which 
had a pH of 12-5. Eight pounds of glacial aceti acid, wal 
mixed into the dough, reduced the pH to 8. The dough was 
removed hrom the reacor via the dsdiare port (F) and 
vas found to contain 17.8 I .solids. 

As an alternate method for gelatinizing the starch, we Usd 
a Peid. & Ford laboratory model continuous cooker (11]
with a pumping rate of 0.31 gal per rin and aslurry tak 
capacity of I gaL. Starch (33-1/4 Ib) in a 12 O/, aqueous 
slurry was continuously gelatinized with sc.m at 240 IF,
and the dispersion was ten diluted to 7*f. starch concen-
tation. This dispersion wa pumped into the 10 fts ribbon
blender and cooled to below 90 OF. 

2.5 Preparationoi Crude Flakes 

The wet marerial from section 2.4 was hand-fed into a 
centrer feed, double drum dryer with a drum spcing of 
0.002-in. at drying temperature. This dryer ha. 12X18-in. 
drums with a total drying surface (both drums) of 9.42 1l'.The drums are heated with 55 psig steam and rotat, t a 
speed of 2 rpm. Surface t,:mperamur of the drums was
240- 20 IF, and the dry product peled off in shees a: a 
rate of about 6 lbLh. The drum-dried polymer (5-10'/o
moisture) was ground through a 3/8 in. roundhole screw in 
an Abbe mill to give crude flakes which typically aboorbed 
250 g distilled water or 48 g of 11/ NaCI solution per S. 
Moisture content varied with relative humidity. 

2.. Preparationof Refined Powder 

Ffty pounds oi the hydrolysiae (17.3 /s solids, pH 8, s-
tion 2.4.) was placed in a 50-gal baffled, stinlas-tml bar­
rel and placed under a sawrooth Cowle disintegrator. At 
a rate just sufficient to prevent salling of the stirrer, 14 lb 
oi distilled water and 50 lb of 95 o ethanol were added to 
the heavy dough; when good dispersion was achieved, the 
mixer was stopped and the solid was allowed to settle. The 
supernatant wa removed by rnans of avzlvtd side opening 
at the bottom of the drum. The solid was washed twice 
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with 50-lb portions of 95 f ethanol and the final granwlr
prod=- Ws placed in trays and dried in a foried-air oven 
ac ambient temperarure. Tho granular Super Slurpc, (11 /
moisture) wu ground in a laboratory hunamr mil using 
care to avoid zppreciabl. cemperaue build-up. The ground
polymer (34 Q/* held by - 120.mesh screen and 31 01v hed 
by a 325-mesh screen) absorbed 600 g of stilled watr,
100 g of tap water or 50 g of I 1. NaCi solution perg. 

2.7. Preparation of Highr' AL'rorbrncy Producr 

Higher absorbency products zan be obrined by nicchati­
caly shatng the hydrolyzed &rat* polymr. A Hydra­
pulper was used for rth shearing pcoces, and 45 pounds of 
distilled water filled the voids ure, c the rotor and in the 
large exit piping. An additional 1+ lb of distilled water were 
metered into the Hydraplper, and while this wvs stirring.
50 lb of alaline hydrolysato (pH 12.5, 20 */a solids) frra 
the ribbon blender were added sloly. A&f r wizt re 
had stirred for 90 rrit,. tha :::pai cure rez&d 140 IF, and 
coniderable addiion.! 11. tiz ."uonv.t.L Braok.Cl d vi:­
cosity of Cho rni cUre ( pi- . I!id 3 :oii ) ",.
7 8,000 cp (6 rpm) at 10 '11.!-d pi.u d Lar:rtal v-r. 
covered, and 50 lb was LcUd "ith 5,' i c" gL.ci&a
acetic .i"id. "i udracid and rital dtus udc fia-ltc ohcb-in'd 
after coarse grinding abwr~td 700 f;of distilled water per g.
rhe remainder of the hydrepulped naial r pi-ccipiratd
with alcohol as described in stcion 2.6. A small amount ofpotassium acetate was added during precipitation to clarifyr
the supernatant. ThLs precipitated produdr, afler drying and
 
grinding through 
a 1/-in. rosud hola screen absorbed about 
1300 g of distilled water per g. 

2.. Procese to Make Filnd 1as 

Refined product (section 2.6.) befora drying was disperied
 
in distilled water at z conc ntration of 0.5 to I1. using a

Cowlas disperser. The resultant clear, viscous dispersion was
 
poured through cheJ.odoh to rexnov,, any remaining lumpsand then was poured into pLatic-lined trays and dried in aforcd-ar oven at ambient temperru- to give clear filrna
 
whose fleibiliy varied geay wii ir moisture content.
 

Two pounds of redined povdir (!ection 2.6.) was allowed to 
absorb 50 lb of disrilei wper, and dw resulting nass of
large gel particles v" stirred "with a 2-hp air stirrer while
 
further additions of water were 
mazda to give a final disper­
sion containing 3 8!% solids. The dispermion "wa poured into 
trays sprayed with silicone mtodd release, and rhe trays wer 
plaed in a Virtis SRC-42 freeze drier. When the drying 
prcsm was complete, theru remained ; continuous fibrous 
mae (8.40/t moi.ture) which absorbed 600 1; of distilled 
water per g. 

2. Procedxr to Ute lborbency 

To evaluate water absorbency for dry, ground Super Slur..r 
under free draining conditions, 0.25 g of sample is sifted 
into 500 ml of distilled w-ater and allowed to soak for a 
measured length of time. The mixure is then poured onto 
a fine-meeh sieve fitted rith a colleciug pan. The nab­
sorbed w-arer is collected and ''eigbhed zand the grams of 
water absorbed per g o' dry poi/nr is LcaIcuLsted. A similar 
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procudun is followed to deamim the absorption of an 
"dacojy. soltion. One pam of baorber is soaked in
100 ml of electroly, a solution and poured throug a saeye;the ml of elictrolys. solution coliect.d and ma std 

th. fluid, ra s 50 0/. i tda a 
30F. eie of aiorpen is, of cru is to parcde 

Laitlosi 

3. Reeutv and 0lmmasilon 

More polymer hetmognety than usal can be efficiendy 
with grafte polymer,, Sinme, to additionl to oe ar 
Wtight dispsiiq'., nie cana etp=t dmiewcl postion die-

persity ranging from houmpolymers to polymae omposed 

of equal proporions of the components. Increased hetro-t 

gaarty is expected when the gr2afted polymers ara subjcted 
m- chemical modification, L wan. process;as - oaur rwpro-
clucbiliry of product properties could thm be endangered. 
In our laboratory preparatioas (9, 10] w atteampted to 
exercise some control over dispersicT by repeated extrctions 
of the S-PAN grat copolymer prior to alJkalin hydrolysis 
and by again cxtring the hydrolyzed Va& copolymer in 
its water-iruoluble, free carboxylic add star. However, such 
procedures did otappear pratical for larg-scalapreparz­

o" so we designed a singie vesel procedure for a crudept .hn z o tt 
product 

Distilled W-ater was amd, because preparatiow with tap 
water gave highly colored, lower perfornmuace products. 
The caric ammonium aitrara-airic acid solution ws pre-
pared immediately before use since the ceric complex has 
limited stability in dilute acid or water. Ceric ammonium 
nitrate is used to form complex= with stArh: decomposi-
tion of these complexzs result ia free radicals whid serve 
to iniiate polymerization. Graft poiymtrizations using 6 to 
7 *I starch dispersions resulted in 12- 13 ',/ graft copolymer 
dispersions. While it is possible to grafnt polymerize at higher 
starch concentrations, 12-13 /. graft copolymer concen-
tratian was maximum for succesul hydrolysis in our 
equipment. AN was added to the =trch dispersion and 
stirred for 5 to 10 min prior to the addition of initiator o 
awura hood distribution of monomer. The proportions used 
allowed the AN, which forrm a 7.3 /a solution in water at 
20"C (12], to dissolve. 

When the polymerizaxion is over, thare usually remains a 
small amount, about S 0/%, of monomeric AN dispersed in 
-he colloidal graft mixturm Since tozic acrlamide is a pos-
sible product from hydrolyTis of unpolymerized AN, it is 
nacmsary to remove this AN before hydrolysis is bgun. 
We found a convenient and efficient muthod for AN ra-
moval to be steam distillation. The reactioa mixture is first 
neutralized to avoid acid hydrolysis of the smrch moity, 
and antifoam is added becaus considerablis foaming occurs 
without it. AN forms an azeotrope with water which boils 
at 160 'F and contains 88 'e AN. Ca-reful distillation 
would pertrt almost complete rovery of unpolymerized 
A-N in a form suitable for rause in the grafting step. When 
this distillation procedure wu used, we obtained products, 
following alkaline hydrolysis and isolation by drum drying 
or alcohol precipitation, which ga-liquid dromatographic 
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ateurema thowed to have no detectable AN and lea 
than 10 ppm acrylamide. 

Folowing the discilation stop, the reaction mas was cooled 
to 160-170 'F ro prerent too rapid a reartion when the 
alkali was add&d and watr was added to mak, up for 

during steam dstiUation. FoUowing addition of 
alkalL temperamre of the reaction mixure was rai d to 
195-205 0F znd mintined for I h. The dyedopmer- of 
a deep-red color and its gradual disapp=ancn during hydro­
lyuis has ben de=tibed prcioutly (9]. It is during the final 

stage of hydroly)s thatr ammonia is avolved. Procedura to 
remove Lmyruiz -would incrcm recoverable by­

product and also dcreas the amount of acid required for
a~trlztion, thlu iving a crude product iwith lobaer 
atralaeon thir v acd ut'. 

When hydrolynll is complete, the heavy, doughilik material 
in the ,mxtcr comrit ts 16-20'/I solids and has a pki of 
approximatey 12. In this alkalina state, the wet dough can 
be stored 'idcnitfiy; inwvever, if the mirtur is adjusted 
to. pH 6.5-3.3 (usdl)y with acetic acid), as ii nrxrary 
before drum 'vt.,Isu ruixture bonmrj art excel'at1 di'a 
growth medium ft, crotyaims and tberefore rust be 
stored Ir chn cni..l and orly for z shorr tirmkc 

Supmr Slurpc' . iint'd romn the duma dhkai ':by a oumbot or di/'iruc !; ='hods. Dram dr-ring 0t: reit."-. 
ion ra t ximsac'.:aa. t ti:Chod for prvpas ing a cr.de 

product, rAico-ol pn;r-itation g-wv,- i high'-r ewr.c 
prod.ucx due ia ;.art Lo removal of c arxaeou iLSu. We 
have not atamptw to drrvioop a practical procedure for 
producing refined Super Slurper by alcohol vashia of 
crude hydrolysate; howev-., small batches were precipitated 
using 95 '/ ch.mol. Ethanol wa us4d for prccipitation be­
cause facilities ;,rYr not ,vail-bl, to handle the more wxic 
alcohols such as methanol, although we recogniz. the eo.­
nomic advantage of their tut. For a crimmercial proctss, we 
visualize precipication 'with metihanol followed by drying at 
elevated cemperacurcs to facilitata removal of methanol 
from the solid product. Super Slurper could also be prepared 
as a film or z a fnt-co died mat (see Experimental). 

To obtain infornt ion Lbour .'on oi th mauy rariablc* in 
our prMciL, vra prcpzxd - numbar of products on a small
 

a
scale wing a 1-1/2 t0 ritbon blender (Experimental) and 
compared thnr .b rb.'cjc (Table 1). The method used to 
measure absorbency (3ce Eaiprcitrural) is deaigned to give 
an approximarion and not a precise value. Absorbncies arej 
similar with thr exception of rhi: l w vaiuz in the last entry, 
for which the AN/gIluco unit (GUr) molar mtio of 1.65 
was lower than the usual 3.30. Converely, La the first entry, 
where a ratio of 6.60 w.i tusd, he absorbency value of 523 
is verT n-arly the avcrage value of -he remaaiing ntr% . 
We concluded !hat Limiring our ANiGU ratios to berw,.= 
3.2 and 3.6 (or that ratio desivned to give a S-PAN gr-Af 
polymer omposad of abouc equal wesghu of the two 
moieties) would 4svo us iniormarion of tha ;rearcs practical 
value. Whlan absorbencio are compared, it is apparent that 
a variety of whole vtarch3 can be used almost interchange­
ably. Either NaOl-I or KOH gives ,atifactory hydrolysis, 
and products having either cation perform welL Alkali :AN 
molar rato4 reported (9, 10] ior the hydrolysij of S-PAN 
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T". I. Dn Obtained t. ?ripaptmnd Usq 1.1/2 A$BIMuL). 

Sard AN/GUtM I/*,. .in N in grA Alali/ANI) 1 N in luW @toNeilarpeor Isrlation, Amethod Absorbency' (xHtOWs 
Ansioca 6.60 16.7 U0*Q 4J.5 11.09 M.OH 523Anioca 3.30 
 - 0.108 4.15 9.91 MOHCom 3.30 12.9 588010S 4.47 9.11 M*OHCrnm 330 416- ' 0.104)
Corn 33J0) 14J5) 

3.65 15.97 MaOH 600 (200)5)0J.0) 4.87Cora 3.29 - iJQ-PrOH 600 (204)3)14.60 0.84) -Cora - EtOH 4443.19 13.02 0.14) -TWhe 3.13 12.11 - EtOH 504Q.60 4.71Corn (176-292)5)1.65 - 0j14) -
9.71 
- EtOH 168
 

1) Pruperszim were. made using 11.4 g-mWo 
 of swds gluco. unit (GU); 0.01 mole car initiator per GU; 0.0' mote HNO S per GUt.wV~LOf GU - M6).

2) Molar rMui.
 
3) NaOFL
 
4) KOH.
 
5) Drum dried.

6) Used 0.=8 moles ceri iniiaor per GU and 0.082 moles 1[NO per GU.
7) [l]DMI WU determined for isolated PAN moiaey of this grzf 
 and fond to be 9. 

range from 2.5 co 10; however, we now have lowered this distillation and in weights of recovered wet and dry pro­ratio to 0.6. This lower ratio is more economical and gives ducts, thee latter variationsar i due partly to madiea product with lea exmranau salt. loom "The compositions of t'm cr.ude graft copolymen, as 
indicated by percent PAN and percent N, werrThe results of 5 duplicate preparations are given in Table 2. similar, asware he absorbe:cies. As expctred. the percent volaWlnsAlthough there it variation in percact solids after steam were diversi, since productu were zir-dried under ambient 

Table 2. Data Obtained from DuplIcat Preparation Using 1-1/2 0t2 Ribbon Blanddr. 

MrMr PANininSrh Solids after PANir Drr Vo ie Absrbency, cAbsorbewc,corrected for 
conc. distillation crude graft crde graft(01,) (0/.) (.to) product4) producS4)(to) (lb) (lb) product as is yulatiles(01) (SHto/W) (EHTO:/g) 

6.3 11.2 4461 12.71 676.0 11.25 13.1103 46.4 407 47313.10 77 10.25 15.7 4165.9 9.9 46.8 12.9 - 49512 19.8 3606.2 45011.2 46J 12.63 71 11.3 14.6 3686.2 4339.8 44.5 12..5 77 10.2 13.6 364 423

1) Prspamazio-s wer made using 11.45 g-mote of cor mach GU; 0.01 
 mole ceric initiator; 3.29 moles AN per GU; 0.7t moles KOH pear
mole of AN.
 
2) After geiiainization.

3) Deermined grvimericaly atn removing smrcb by add hydrolysis.

4) After alkaline hydrolysis.
 
5) After aLchot prcipictaion.
 

conditions. The use of hct in the drying step was avoided, A ime study of polymerization was carried our by with­because aftr isoiation Super Slurper lose some absorbency 
 drawing samples of the reaction mixture at intervals. Awith extended expose to elevated temom rare. To demon­
rare this, a product was placed in a Caco Moiture Ana­

lyzer at 2.50 *F for periods varying from 2 to 60 mini. Louss
of 7olarilet ceased after 15 min, with the majoriry gone
aiier I0min; but. diminution of absorptive capacicy 

is 
con­

tinued for 60 min as shown in Figure 5. 
AN to gwucom unit (G mole ratios varied from 3.169 to
3.693 (Table 3), but within this narrow 

s 
range we noted no ma

marked effect on water absorbency of the inal products.
The lowen iniaror-o-=Lrc ratio used was 0.0076 molesof caric unmonrium nitrate (Co.) per GU.Foliowing theaddition of initiator solution, an eothernm occurred. This 
is shown in Figure 6 for two diferent prmpamtioas. The 

94 
peac camperature occurs axtr 30 miin. Pure 5. Effcts of davated (250 OF) temperature on absorbencr. 
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1
C44ANO MMOb 

GU W_ 

0.183 0.0=76 3.52 0.574 
0.11.30) 0.076 3JA' 0.574 
0.113 0.0076 3.552 0.74 
0.183 0.0076 3.52 0574 
0.133 0.0076 3..52 0.574 
0.183 .0076 3.52 0.5 
d.113 0.076 3.552 0.577T) 
0.183" 0.0152 3.552 0.560 
M183 .093 3.169 OAV 
0.133 0.0093 3.169 0.i29 
0.183 0.0093 3.169 29 
0.113 O.009 3.169 0.574 
0.183 0.0093 3.169 0.851 
C.17710) 0.0096 3.277 0.574 
0.17710) 0.0096 3.27 a" 

1) Based on a lb.-unit wt. of 162 for the glcr ,. unit (GU) 
2) MoLa, no. 
3) Calmzed on dry bas 
4) Wcehanically sheared in Hydrapulper. 
5) Starch platinized in contin-uos ooker. 

110' 

IOU. 

I. 'Ii-. 

S153 30 123 1s'6 
-CA.4 

Fiue 6. E otherm. 'h temperature of araA pol o 
mi=r plotted &pum time. Rsults of tw run armshown, and 
!a both instanA peak tamnperatum occurs sae 30 mi. Solid 
line - Run No. 1, Table 3. Broken lin - Ran No. 2. Table 3. 

50 m1 sample of graft Mixture was added to 10 ml of 5 0/ 
hydroquinone solution and the sampler was rinsed with 
10 ml of w"ae. Solids dermi'nations on the squeous dis-
persions w made using a Cenco Moisturm A=alyzer, and 
the observed inr in pere solids pmved to be a con-
vnient, rapid method for measuring polymerization which 
gave results comparable o analytical results. Ftue 7 givs 
the results oi both of these methods, and it should be noted 
ths vircualy all polymerization occurs in the firt 30 min. 
This is the same time period of temperature rise shown in
Figure 6; therefore, tempe,-ature rise can be used so mo:.:or
the rea6;ton, ad poleritutios can be used to be 
over whenthe temperature b ton faLL 

When the bigh pH hydrolysis product is subje--c to me-
chnical shearing in a Hydrapuper, the viscosity of the 
donghlike material is reduced umtil thern is obtained a 
smooth-owing dispersion whid can be readily 1uated. and 
pH-adjsted either for applying Wsubseuas such as calu-
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pl)ct Als beac, (sHtO/g product) 
Dri a lchlpp iaye 

91 289 (700)4) 592 (1300)4) 
90 299 508 (1413)4)
 
924) 261
 
-4) 265
 

1006) 252 
94 608 
89 (536)') 
a5 332 856 
860) 352 1500 (S00)') 
61) 352 162 (996)9) 

86 300 1672 (872)9) 
83 258 520 
95 224 1412 
76 652 
14 (85J)4) 

6) Inaludes acecia Ad added to adjust pEL
 
7) NOML
 
3) waxy maine stanh
 
9) Crude prod= truay-dried ax aiiilyi concentration.
 

I0) Cam ferc. 

MW I Is5 I ISO1011 
M= 

Igm 7. Taw study of g polynrizaioa of zcrrloaitrila to 
starc (Firt Ran, Table 3). Polymerization has nearly cased after 
30 min. SoUd ne giveras I/* airojps plactd agamns time. Broken 
lne pva O solds plotted against time. 

louica or clays, or for finaL pra-essing to- a dry product. 
Sheared products have high absorbencies comparable to 
dialyzed products, as can be seus in Table 3. We were able 
to sheer mixtures having from 5 to 15 /s solids o give 
products with cmparible bsorptve capacicy; however, 
whe shearing was carried out at the hiet solids level, it 
wa asremely difficult o remove the mixt= from the 
Hydrapulper, which depends on gravity flow o empty. 
During shearing, considerable heat is generated (Fig. 8), and 
additional ammonia is evolved. 

Portions of wet dough from a single preparation made in 
the 101 blender we isolated by chre differet method :drum drying, alcohol precipitation, and Hydrapu'per ;hear­
iag followed by alcohtA precpitation. Analyses oA4" 
isolates an presented in Table 4. As expeted, the K content 
is les for precipitated products because monomolecular K 
salts have ban largel3 removed. Since the material sheared 
in the Hydrapulper and then precipitated has a higher per­
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3 

N 

133i13 

gg 

7 1 31 Ite 

FIrgure L Us=ct of thuring in Hytrapolpiran twpwca 
The taparaure oi hydrolye rov6polajy kaiuile Miu
Pcted. iMns shearing d 

cant KCbut lower permn C and N than the unabeaged 
materiaL one might conclude that soma 'urtha' hydr-olysi 
of aimid. grou~ps has occurred during the thesring sterp. 

Table4. Analyical Fudingi for DifferasIslate from Frm 
Run Liasd ;- Table 3. 

r31soa 	 on 1.C ftsAah (cue, as K)Mdiol 	 IoN 

Drum dried 39.19 3.J 14.84 

Alohol pp 4.47 4.16 12.19 

Hydrapulper(6.4f)) 

alohlpc4064 4.01 13.13 

.1) Cocnrto .AW IIydraIupOin 


To summarize, we have found that a product prpa-
without intermediate iolation pap is as absorbent as one 
prepared with nsu steps. Our ntuy indicates thata 
copolymcr having equal portions of PAN and math is 
appropriate for preparing Super Sltrrpe. Lower proportions 

of PAN gave a product with low absorption; however, 
higher PAN content (e.., 2 PAN to 1 sr.h) did not gie 
products with higher absorb on. A criticil imp in Super 
Slurper 	 preparation is the final psocming sage. For in. 
stance, medianical shearinq to produce Food dispersion and 
release of byproduct ammoia prior to pH adjustment and 
isolation gave products with higt absorptive capmtiy. 
Drying teperaturts were also importar, sin long c-
posuro (in excess of 3 w S min) w high temperature, wh 
moisture connt was low, sealy deavased absorptive 
cipacty. 

4. Prekninary Co t-to-Make Esdmate 

A prelizainarT cor. e.timate for u cref 
(Experimen l) of drum-dried Super Slurper indica utht 
for a hypothetiol plant with in annual capacity of 10 mil-
lion lb of product (5 O/ moisture), the cost to make is about 
30.32/lb when starch is priced at 30.10/b, and the pre-
dicted yield oi prodt with 3 'Of moisture is 317 lb/0( lb' 
of commrcial staric (Table 5). Estimated fixed capital in-
venanme for a batery limi, instalation (includes only 

KuiPi Md, other faciies d 4er:y asuQcat -ith 

the procass) for producing 101 lb/year of crud. flak 
$Z00,000. 

T"S r. Co-o-Mak. 	 Flai ofErumted Crude Drum-Dried 
Super SlurprL) in ;6Pianct) with 101 lb/e,*ar Capacity op=ra
.24 h/de7', 25 days/year. 

-t Ca i,e 	 $/Ib of 

crude &akm . ......111111,i= 

lb RecteaxS/lb 

Ma 4 Cuiai u 
0.10 
2.60 

0.032
0.019 

Nominal Nituic aci 0.11 L. 
103.J 
133.5 
24 

AcryLonitril. 
47 * Potassium hydroxide
Acetic acid 

0.V 
0.075 
0.13 

us$1 
1.032 
o.olI 

Ud&We (srean I .CQ(M 1b, tlar. 3 0.03kwb, 
wae 9 0 pd) 04) 

LO6old mpevisics (opar~rn 003.1 3 70/h) 
Mdaw'snes, 0.01+ 
A nd,,,gs (dQpmrA,26 10'/./yr, 

GIeral piam* oorbVed 	 0.024 

E- t *to-M.ko 0J22 

1) Procedure I, xperiimantl. 
2) Essinmd fixed capital Irmwannt: S 2,500,=0 for banTr 

limits instalhzioo. 
3) Prodicted yi&ld oi producs indcdin4'g 51o*Moisture. 

TabLe 6. Eviatad C,-to-MaJe Rud Powdered Super Slur­
part) i a Plaml with 101 lblyear Capavity Operating 24 h/day,
 
250 das/year.
 
"
 

Co89 i$/nk o­
fndpw 

Paw 
lb eactan:8 $lb 

"100 0.10 0.03 
2.34 Ceric axamonium nate 2.60 0.021 

Nominal Niric acid 0.1! ­
133.5 47fPmeintr ydd. 0.075 0,.0. 

3.0 	 Aclot LcIa 0d(i 0.004 
Medanol$) 0.42/pL O.o7 

Utilkie (steamu 8 7-00/71 lb, eac. I U3N~lcwb 
waxe $0.30/M gal) 0.O'2 

0.022Meradscu 
!ldiumses (deI=,iaion '1,/ea, 

ndnsu 3 '/ year) 0.050 
G,,amnd in-uz.,4 3.045 
Gomw14pataka 0.49 

o.49 

1) Procedmr M",E paerimntal.
 
Z) Vsir-ad fi 'Pd w $ ,4,000,00 for baciry
 
3) sallation.
 

3)Bsed = 4 9/o lcm.
4) Predic yted oi product including 10 

D;9 S&kA ". Ikrt. Itm" / v,. J2, S. 43.4z2 420 
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of produ=t (Table 6). Yield of product with 10 O/omorirrilfiar-	 intinLUie h 

A rtigh -cost atimate for producing rifined powder forin 
of Super Slurper (Experimental), which includes methanol­
wishing of the wet crude material, showi that for a hypo-
theti:al plant having a capacity of I0V !b/year of rehned 
product (10 /g moissure), the cov-co-make is about $0.45/lb 

is predicted to be 294 lb/i0 lb of commercial smt. Esi-
mated fixad capital invesmen: for a battery limits inscalla. 
tion o produce 10 lb/year of reined powder is 3 4 million. 

Both hypothetical plants are considered to be adjunsm 
an exising proceng plant. C a reported a of lt 
1976 and con items included in the estimatd con-to-ciks 
ar: raw material.% uti'ties, labor and supervision, maine-
nance, fixed charges and general plant overhad. 

In this estimas, it is asumed that combined time for graf-
in; and saponification is 4 h. It is likely that this can 
be reucd-, and the procs may be suitable for continuous 
oper--tion, at lease in part. No credit has been giyen in the 
estimate for the AN, which is removed and recovered 
through steam distillation; however, the c=t for its removal 
is included As par of the production cst. How the amco-
aia that is removed at the end of the hydrolysis step will 
be disposed of or recovered " not been rewoved. Also, ht. 
cost for its recovery has not ben included, and no by-
prod=ct credit has been given for it. 

A complem practical procedure for producing alcohol pm
cipismad Super Slurper has aot ban developed. Alcohol 
precipitor, mostly with low toxicity ethnol, has been 
carried out in small batches, but no attempt has been made 
to optimute the proces. Our ostima assume. the use of 
10 lb of mewnnol per lb of product, isolation of the product 
by cencrifugtion, and an expected overall lou of 40/ alco-
hoL Is is asumedthat the alcohol in the cntrif s will 
be combined with that recovered from the drying sep and 
will b4 dinled to give anhydrous -methanol, which wil be 
recycled in the proc=.. Studies are nwecsaary to determine 
che minimum amount of alcohol required to obtain n ­
ceptable product, 

Raw materials represent Ol the tocal atimated cost59, of 
to mals crude &takes; and AN, %.menpriced at $0.27/lb, 
represents 27 0!/ of the total. Estimation for the refined 
product sea raw materials at 48 Ole of tocLL and AN at 
210s. Starch at $0.10/lb presents t0/ and 3 1/o of th 
cont of crucd and refined psvducts, repectvely. Prices for 
raw materials other than smh and cric initiator were 
obtain"d from Chemical and Marketing Repofrf. Prices 
for starch and caric initiator were obtained by communica. 
tion with suppliers. 
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Zusanmenfaeaung 

Em praktisc6 Verfahrosu rur Hamn;lung von .Supnr-Slurpor", 
@insm Polymer 3umSWrkabsis mit gro&a W irbindunimpvv., 
Mdpn. Das few, rz.rrlo Ldic, in 'arqui,Q-= Adsorbca 
.Super-Slurpr" sttin buauseydroly i~nm Sr k-Pfrpfcopoly-

Whung ius C x­
sMid uad AU ietLul, ryila uninwndaih wurd&. AusCeimd 
Yon Untrstmhungu im Laborntoriumn aiseab wwrd, tan VWr­
fahran rur Hamsmllun5 d.u Poli/,rs in Kiloamn-Menpgn et­
wi"ale- Da Verfahreu vermidt intTmediin hsoiun a3fev,
erlabt did wirkam Eiernaun; des aid2! unmsgern Moavmcr 
hlt di* Konzentraian a atib-h!di.n SaIxn nie4gri =d er­m tgl:tini hoho Fuatorfkonzntrjoa inder Trocknuanspwe.
Abidlungae des Trc6narvr rfahrms ermzdgli en dim wi.L­
-sf Hrawung Ton .Super-Slurper' in Fdm-, Matsn-, Pulver­
oda RoLonform. Doe Absdiarcn dm Hydrolysen emicbm M. 
der Isohenang uzd da Vaumidan der Injlg Einvirkuig v'rn 
dher r Temperar aui du isal erg Produk: ,rgibc .Supur-

Slurpe'asuprdazmit h&htrdat in~dustmteAb optio..k-oazicdr.Pra. DieDieKorwsverw*ndatfar dieAppa­ratti er 
atepd r Ao in & Her.iaenP&tm uanem 

Betriab file 101 Ib/jaar w-s = ,ai 3 0,32/lb gesimict. 
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tn procidi praLiqa pa-r I prJaIrs:ioa do Super Slurp er, a 
polymire ibe" d'.inid3,1 Ml< tW' rfmde =0cisd d'b4aorptioa 
deuX. L'absorbaaat solide izw~lbIn dac l'4au, dino,urnli Supe 
Slurpor, at un €,jpoii ..v gx.ffij j biua damidoa-polya.xylo.
aitrile, hydrolry pa: t bue, dana lhqul lafoaction nicrila a 
ki trsntsform, an ,n-ani d carnax.mnni i,do crbortarr 

~malquQ tk n. A pszrir des expariacas d lzboraoire, Waprocidi qui po [a production d plusiour kilos a iti miza anpoint. Ca procid6 4vite Itiapa £n "Zrmja d'iolomnt; 
porme l'.liminanon fficacs du naooomire non transformS, main­
cent un fabla comranon en matia s4i iltov' pour ['i.ape
do siduip. La vu at'ion du procid6 dA idmcago prmat d'obcemnirIi .Super Slurper" row fecmw do inmas, d plaques da puudra ondoio" Le cisa laet du =,aq hydrolysi av'ant l'isoleme 
a la pr4caition do a pu exposer leprcduic isil i des temper­
sturaes iloys couduisaus I 'obtenon d'un ,.Super Slurpar" jyonh
Is plus panda capacti zhorbant. L'iquip mcns utdlis cones­pond i Is pratiqa indtuerialle. Les comtde fabrication do docoastambour da maneuin hypotdhtique produisanc 101 [b( 
anan mtimls 1 0.32 dollaulb. 
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Absorbent Polymers from Starch and Flour 
Through Graft Polymerization of 
Acrylonitrile and Comonomer Mixtures 

Polyacrylonitrile (PAN)-containing graft copolymers of corn starch 
were prepared from moromer mixtures and then saponified, and 
dried. Incorporation of selected comonomers lead to shorter 
saponification times and higher yields of adsorbent products.
Substitution of flour for starch gave products which had a higher 
absorbency than saponified starch-g-PAN. 

1 Introduction 

Graft copolymers of polyacrylonitrile (PAN) and starch, 
containing about equal weights of the two components, are 
readily prepared by allowing acrylonitrile to react with starch 
in an aqueous system in the presence of ceric ammonium 
nitrate initiator [1]. Only a small amount of ungrafted PAN is 
formed as a byproduct. When starch-g-PAN is treated with 
hot alkali, the nitrile substituents of PAN are saponified to a 
mixture of alkali metal carboxylate and carboxamide [2]. 
Isolation and drying of this saponified polymer affords a 
product which will absorb several hundred times its own 
weight of water while still remaining insoluble [3]. Films 
prepared by air-drying water dispersions of saponified 
polymer will retain their integrity when they imbibe water and 
will swell to form continuous sheets ofgel [4]. The remarkable 
abilityofsaponifiedstarch.g.PANtoabsorblargeamountsof 
aqueous fluids has generated considerable interest. Suggested 
uses for saponified starch-g-AN range from incorporation 
into personal care products, such as disposable diape.'s, to 
agricultural uses. such as seed and root coating and addition 
to sandy soils to improve water retention, 
Current research on saponified starch-g-PAN and other 
starch-containing absorbent polymers at the Northern 
Regional Research Center has as its goals the improvement of 
absorbent properties and salt tolerance, the simplification of 

By G. F. Fanta, R. C. Burr, W. M. Doane
 
and C. R. Russell, Peoria, Illinois
 

Absorplionspolymere aus Stirke und Mehl durch Pfiopfpolymeris2 
toa Yon Acrylnitril- und Co-Monomergemischen. Polyacrylntril 
(PAN) enthaltende Pfropf-Copolymere von Maisst rke wurden aus 
Monomergemischen dargestellt. verscift und getrocknet. Die Mitver­
wendung bestimmter Co-Monomere fdhrte zu verkdirzten Versei­
fungszeiten und h6heren Ausbeuten an adsorbierten Produkten. Die 
Substitution von Strkedurch Mehl fdihrte zu Produkten mit h6herer 
AbsorptionsMhigkeit als verseiftes Stdrke-g-PAN 

synthetic methods, and the correlation of polymer structure 
with absorbent properties. In this report, we will discuss the 
preparation of high absorbency graft copolymers by the 
:ubstitution of flour for starch [5]. We also will describe the 
higher absorbencies and the simplified synthetic procedures 
whihh result when selected comonomers are included with 
acrylonitrile during graft polymerization. 

2 Experimental 

2.1 Materlals 

Globe pearl corn starch (Globe 3005) was from CPC 
International, and pregelatinized wheat starch was MSWS­
1000 from Midwest Solvents. Yellow corn flour, bleached 
pregelatinized corn flour, and whole ground corn meal were 
from Illinois Cereal Mills. Soft wheat flour was from King 
Milling Company and contained 1.66,6 nitrogen and 
0.5% ash. 
Acrylonitrile, Eastman practical grade, was distilled at 
atmospheric pressure through a 14-ina. Vigreux column, and a 
center cut was collected and stored at 5 'C. Reaction grade 2­
acrylamido-2-methylpropanesulfonic acid (AASO 3 H) was 
from The Lubrizol Corporation. acrylamide was Eastman 
reagent grade. and vinylsulfonic acid was a 40% aqueous 
solution from Polysciences. Inc. These three monomers were 
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used as received Acrylic acid. methyl acrylate. methyl coated tray and dried to a thin film in a forced ar oven at
 
methacrylate and styrene were Eastman reagent !rade and about 35 -- 9) C"
 
were distilled before use. .Methanol Precipitaite A suspension of 1.00 g of graft
 
Ceric ammonium nitrate was Fisher Certified ACS grade, copolymer in 9 ml of i) 7-\; sodium hydroxide solution in ,
 

25 ml Erlenmeyer flask was heated on a ,,team bath for 5 

2.2 Graft Polymerization of AcryIonitrile and - 10 min and was then he:ated in a 95-- 100 Coven for 3 h. 
The reaction mass was stirred at high speed for I mm in aComonomer Mixtures 
Waring Blendor with 350 ml of absolute methanol. and the 

Astirredslurryof 10.0 g,drybasis.ofeithercornstarch. flour, precipitated solid was collected on a filter. The solid was 

or meal in 167 ml of water was heated for 30 rin at 85 - 87 -C triturated inamortar and pestle with fresh methanol: alter the 

while a slow stream of nitrogen was allowed to bubble resulting slurry had stood for 10 min. the solid was removed 

through the mixture, and the mixture was then cooled back to by filtration and allowed to air dry at 22 -Cand 50% relative 

25 C. For experiments performed with granular starch or humidity. Since variations in methanol content affected water 

flour, the stirred water slurry was purged with nitrogen for I h absorbencis. polymers were allowed to equilibrate for at least 

at 25-C. Either 15.0 g (0.283 mole) of acrylonitrile or a 3 days until constant absorbency value'; were obtained 
mixture of acrylonitrile and acomonomer (0.283 mole total) 
was added to the starch or flour suspension, followed after 2.4 Measurement of Fluid Absorbency 

-about I min by a solution or 0.338 g(6.17 x 10 "mole) of 
ceric ammonium nitratc in 3ml of I-N nitnc acid. The To determine water absorbency of dried, saponified poly­

reaction mixture was allowed to stir under nitrogen for 2 h. mers, an accurately weighed 2 - 20 mg sample of polymer 
jamount used depended on absorbency) was allowed to soakand in most reactions, sodium hydroxide solution was then 

added to give apH of 7.The mixture was diluted with 200 ml for 30 min In50 ml of deionized water. The swollen polymer 
of ethanol and the crude graft copolymer was isolated by was then separated from tnabsorbed water by screelmlij 

th~ough atared 280 mt,:i e-ve which was 4.8 cm ind.ianicter.filtration, washed with ethanol and dried in vacuo at 60'C. 

Weight percent synthetic polymer in the crude graft The polymer on the icv was allowed to drain for 20
 

-30 min, and the sieve was then weighed to determine thecopolymer(% add-on)was calculated from the gain in weight 
was calculated asdue to graft polymerization, weight of water-swollen gel. Absorbency 

of water per gram _)Ipolymer. No correction forSelected crude graft copolymers were subjected to repeated grams 
extractions at room temperature with dimethylformamide moisture content of the polymer (about 10--20%13) -,vas 

and the applied. Polymers with absorbenicies ovei 1000 g/g had to be(DMF) to remove ungrafted synthetic polymer, 

weight percent of the total product which wassoluble inDMF handled with extreme care to avoid break-up of the highly
 

swollen films or particles and subsequent clogging of the sieve.was calculated. 
A similar absorbency test was run in simulated urine (0.64 g 
CaCI 2, 1.14 gMgSO, 7H,O. 8.20 gNaCl, 20.0 gurea and 

2.3 Saponification of PAN-Containing Graft 1000"g deionized water) with about 75rmg of polymer. 
Copolymers and Isolation of Absorbent Polymers 

3 Results and Discussion 
Dialyze and Tray Dry: A suspension of 1.00 g of crude 
(unextracted) graft copolymer in 20 ml of 0.5-N sodium 3.1 Use of Comonomers in Graft Polymerizaion 
hydroxide solution in a 125-ml Erlenmeyer flask was heated 
on asteam bath until the mixture assumed ared-orange color Selected comonomers were graft polymerized along with 
and thickened sufficiently to preclude settling on standing acrylonitrile onto both granular and gelatinized corn starch in 
(about 5-15 mm heating was required). The flask was loosely the presence of ceric ammonium nitrate to give graft 
stoppered, to permit escape of ammonia, and was then placed copolymers containing about 50-60%. by weight, of 
in a 95- 100'C oven for 2 h. The length of time in the oven synthetic polymer. Graft polymerizations of monomer 
needed to cause the red-orange color to fade to alight yellow mixtures containing I - 10 mole % (3.8 - 30.1 weight %)of 
ian indication that saponific3tion had gone to completion) AASO 3H (see the following structural formula(1))areshown 
was noted. The reaction mixture was diluted with about 
40) ml of water and dialyzed against distilled water until the 
pH of the dispersion was 6.4- 7.2. The dispersion was then 
poured onto a Teflon-coated tray and dred to a thin film in a I 

CH,forced air oven at about 35-40'C. 

Drum Dry UnpurifiedProduct: A suspension of4.00 gofgraft
 
copolymer in 50 ml of 0.5-N sodium hydroxide solution was in Table I along with the times needed for alkaline 
heated on a steam bath for 10 -15 min and was then heated in saponification and the absorbencies of the products, as 

100 'C oven for 3.5 h.After the reaction mixture had expressed in gramsofabsorbed fluidpergramofpolymer. Fora95-
stood overnight at room temperature, glacial acetic acid was convenience, absorbent polymers in Table I were isolated by 

added to give a pH of 6.9- 7.2. The reaction mass was then dialyzing the saponification mixtures until anear neutral pH 
dried on a 7- 5/8 x 6in. diameter double-drum drier with a was obtained and then drying the resulting dispersions near 

room temperature to thin films on Teflon-coated sheets.0.003 in. gap separating the drums. Drums were rotated at 
3rpm and were heated with 40 psig steam. When any PAN-containing graft copolymer is heated in 
Tray Dr Unpurified Product: A suspension of2.00 gof graft alkali, a red-orange color rapidly develops due to initial 
copolymer in 25 ml of 0.5-4 sodium hydroxide solution was formation ofhighly conjugated ring structures [6]. At the end 
heatedon a steam bath for 10-15 min and was then heated in of the saponification. the red-orange color fades to a light 
a95 - 100 -Coven for 2.5 h.The reaction mass was dispersed yellow, and this color change thus serves as agood indicator of 
in200 ml of water and glacial acetic acid was added to give a reaction completeness. Although saponifications in Table I 
pH of 8.0- 8.9. The dispersion was poured onto a Teflon- were arbitrarily run for 2 hat 95 - 100 C. the saponification 
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Table 1.
 
Graft Copolymenzation of Acrylonitrile and 2-Acrylamido-2-Methylpropanesulfomc 
Acid onto Corn Starch. Absorbency of Saponufied
Polymer 

Absorbency 
Number Mole Weight Starch Add-on -'  DMF 

ig fluid per
Saponi- g polynlerW'

00 0 granule
AASO, H' AASOH state 

0-Gr 0 0 Granular" ' 
0-Gel 0 0 Gelat. 

-Gr 1 
 3.8 Granular 

l-Gel I 3.8 Gelat. 
5-Gr 5 17.0 Granular 
5-Gel 5 17.0 Gelat. 
10-Gr 10 30.1 Granular 
10-Gel 10 30.1 Gelat. 

I) AASO3H - 2-acrylamido-2-methylpropanesulfonic acid. 
2) Weight % synthetic polymer in the dry reaction product.
3) Weight % of the dry reaction product dissolved by exhaustive extraction with dimethylformamide (DMF).
4) As indicated by the color change from red-orange to yellow. All saponifications were run for 2h.
 
5) Isolated by dialysis and tray drying.

6) Starch-water slurry maintained at room temperature.

7) Starch-water slurry heated for 30 min at 85-R7'C and then cooled to room 
temperature before graft polymerization.
3) Not determined. 
9) Graft copolymer contains 0.71% sulfur. 

10) Graft copolymer contains 1.29% sulfur. 

times given in the tables are the times required for loss of the 
red-orange co!or, 
Exttaction of homopolymers from crude graft copolymers
with DMF at room temperature removed, in most instances,
less than 10% of each product as DMF solubles; moreover,
these soluble fractions were not all homopolymer, as 
evidenced by carbohydrate absorptions in infrared spectra,
Grafting efficiencies were therefore high in these polymeriza-
tions. Since each reaction mixture was neutralized to pH 7 
before product isolation, poly(AASO 3H) in the copolymer is 
largely in the DMF-insoluble sodium salt form,
poly(AASO 3Na), rather than as the free suifonic acid. 
However, due to the solubility of PAN in DMF. we would 
expect that poly(acrylonitrile.co-AASO 3Na) would also be 
DMF-soluble at low concentrations of AASO3Na. Alkaline 
saponifications were run on unextracted polymers.
Two important conclusions may be drawn from Table 1.
First, the incorporation of AASO 3 H as acomonomer along
with acrylonitrile gives grafl copolymers which require
significantly shorter saponification times. Shortening of 
reaction time is. of course, of critical importance if the 
absorbent polymer is to be produced economically on alargescale. Second. use of AASOH in conjunction with acryloni.
tnle gives saponified graft copolymers from both granular
and gelatinized starch which absorb larger amounts of 
aqueous fluids than their counterparts prepared from 
acrylonitrile alone. Use ofgelatinized starch with amonomer 
mixture containing 10 mole % AASO 3H results in a 
saponified polymer which will absorb over 5000 times its 
weight of deionized water. Granula, starch with the same 
monomer mixture affords a saponified polymer which 
absorbs about as much water as saponified starch-g-PAN
prepared from gelatinized starch but in the absence of 
comonomer. It is highly significant that polymers with 
absorbencies of almost 1000 g/g can be prepared without the 
need for starch gelatinization by simply includingAASO 3 H in 
the polymerization recipe. Graft polymerization onto granu-
lar starch not only shortens processing time and saves energy
which would be useo to perform the gelatinization step. but 

Starch, Stirke 30 (1978) Nr. 7. S. 237-242 

(0,0) solublesJ)  

(%) 
fication 
time " H,O synthetic 
(min) urine 

55 2.5 75 300 28 
59 
57 
58 

12 
4.3 
8.8 

90 
- 41 

65 

1000 
380 

1300 

40 
33 
58 

56 9.3 - 570 39 
56 
5491 
581' 

9.7 
16 
-

32 
30 
28 

2900 
970 

5300 

62 
47 
73 

also yields a granular graft copolymer which may be easily
isolated from a reaction mixture by filtration or centrifuga­
tion. purified by water washing, and stored if necessary before 
alkaline saponification.
 
Since dialysis followed by tray drying would not be 
 an
acceptable isolation method for large-scale production of 
absorbent polymers, we examined some more practical
methods for product isolarion and determined how these
methods effected water absorbency (Table 2). When crude 
saponification mixtures were drum-dried, with no further 
treatment other than to adjust the pH to near neutrality with
glacial acetic acid, products had greatly reduced absorben­
cies. as compared with values in Table I. and absorbency
differences between individual products were not as large. In 
fact, when gelatinized starc:-. was used, absorbencies were 
about the same regardless of the AASO 3H content of the 
monomermixture. With granularstarch. significant increases
in absorbency were realized with monomer mixtures contain­
ing 5 and 10 mole, %AASO 3H. 

Table 2.
 
Water Absorbencies of Saponified Polymers from -able I. Depen­
dence on Isolation Method. 

Absorbency (g H,)perg polymer)
Number t " Drum dried Tray dried Precipitate 

unpurified unpunfied with 
product product methanol 

0-Gr 180 - 230 
0-Gel 320 430 1500 
I-Gr 240 260-
I-Gel 330 980 2600 
5-Gr 320 - 5905-GelIO-Gr 290 1800 1800350 - 1000 
10-Gel 310 1600 2500 

I) From Table I. 

239" 



A second 	 method which we used to isolate absorbent 
polymers was to dilute the crude saponification mixtures with 
water, adjust the pH to near neutrality with acetic acid, and 
dry the resulting dispersions to thin films near room 
temperature on Teflon-coated sheets. If various substrates, 
e. g.. cellulose fibers. paper. or clay, were to be coated with a 
small percentage of absorbent polymer to increase their 
absorbency, a drying method similar to this would probably 
be used. Although granular starch-based polymers were not 
isolated by 	this procedure, those derived from gelatinized 
starch showed large increases in absorbency when prepared
with AASO 3H, even though the absorbency of the 10 mole % 
AASOJH product waslower than expected, based on Table 1. 
Since drying conditions used for these absorbent polymers 
were similar to those used for the dialyzed polymers of 
Table 1,differences in these two sets ofabsorbency data show 
the detrimental effects of inorganic salts on absorbency. The 
data also suggest that the low absorbencies of drum dried 
products are due to excessive heat during drying, since these 
and the drum-dried polymers have similar inorganic salt 
contents. 
Finally, absorbent polymers were isolated by precipitation 
with methanol followed by air drying. Polymers prepared 
from gelatinized starch 'with 0 and I mole % AASO 3H 
showed higher water absorbencies after methanol precipita-
tion than they did after dialysis and tray drying, while those 
prepared with larger amounts of AASO 3H showed higher 
absorbencies with the dialysis and tray-drying technique. 
Examination of granular starch-based products showed only 
minor differences in absorbency between the dialyzed and 
tray-dried samples of Table 1and the methanol precipitated 
products of Table 2. If we consider the four methanol 
precipitated products from granular starch, it isobvious that 
incorporating AASO 3H in graft polymerization mixtures 
leads to significantly higher water absorbenies. The benefi-
cial effect of AASO 3H on the absorbeacy of methanol 
precipitated polymers is less, however, when gelatinized 
starch is used. 
Sulfur analyses were run on the granular and gelatinized 
starch graft copolymers prepared with 10 mole %AASOH, 
and these analyses showed that synthetic moieties contained 
only 2.3 and 4.2 mole % AASO 3H, respectively. Analyses of 
saponified graft copolymers, however, showed that 80- 85% 
of these AASO 3H repeating units were still present in the 
polymer and had not suffered alkaline saponification. 
Although reaction mixtures were normally net'tralized with 
sodium hydroxide before product isolation, we also ran a few 
graft polymerizations with AASO3H as a comonomer 
without neutralizing the acidic reaction mass before isolating 
and drying the product at 60'C. However, these graft
copolvmers gave saponified polymer films, after dialysis and 
tray drying, which in many instances vere inferior as 
absorbents fcr deionized water, since they swelled to such a 
large degree that they lost their film integrity. It was thus 
logical to assume that the sulfonic acid groups in the synthetic 
polymer were causing hydrolysis of the starch moiety under 
the conditions of drying. Although these saponified graft
copolymer films swelled excessively in water, many of them 
maintained their integrity and had good absorbent properties 
when placed in electrolyte solutions. For example, a 
saponifiedgraft copolymerwith 56% add-on prepared froma 
monomer mixture containing 5mole % AASO 3H and 
95 mole % acrylonitrile absorbed 87 g of synthetic urine per 
gram of polymer. 
If the percentage of AAS03H in the monomer mixture w,., 
sufficiently high. the resulting graft copolymers showed a high
enough affinity for water to function as absorbents for 

aqueous fluids without saponification, even though the free 
sulfonic acid groups made the polymer-water system strongly
acidic. For example. a graft copolymer with about 540/a add­
on prepared from a mixture of 31 mole % (63.6 weight I)
AASO 3H and 69 mole % acrylonitrile absorbed 580 times its 
weight of deionized water and 21 times its weight ofsynthetic 
urine. ThepHofaviscous0.6701,,dispersionofthispolymerin 
water was 2.5. The ability of a graft copolymer of this typ,- to 
swell and absorb water under highly acidic conditions is an 
extremely useful property not found in any of the saponified 
starch-g-PAN graft copolymers previously prepared. Indeed. 
when the sodium carboxylate groups of saponified starch-g-
PAN are converted to the carboxylic acid form (usually at a 
pH of about 3), the polymer precipitates from dispersion as a 
rubbery mass, which shows a greatly reduced absorptive 
capacity for aqueous fluids [2].
Graft polymerizations of mixtures of acrylamide (10 o1 
20mole %) and acrylonitrile onto both granular and 
gelatinized corn starch and the saponification of the tesulming 
graft copolymers are shown in Table 3.Extraction with DNIF 
removed only minor amounts of soluble polymer, and 
saponifications were run on the unextracted products. 
Although the absorbencies of tray dried films cast from the 
saponified graft copolymers after dialysis were in most cases 
the same or somewhat less than those of the corresponding 
products prepared in the absence of comonomer, the tirne-m 
needed for alkaline saponification were shortened cornsidcra­
bly when acrylamide was included in polymerizton mix­
tures. For example, a graft copolymner prepared from a mi-turc 
of 20 mole % acrylamide and 80 mole % acrylonitrile was 
completely saponified in a remarkable 12- 13 min. Since all 
saponifications were arbitrarily run for 2 h, regardless of the 
time of the observed color change, the last saponification in 
Table 3 was rerun and the saponification mixture removed 
from the oven and worked up after 13 min to see if the 
shortened saponification time would adversely effect absor­
bency. The saponified polymer film absorbed 720 g of water 
per gram of polymer, in reasonable agreement with the value 
of 660 in Table 3. 

Table 3.
 
Graft Copolymerization of Acrylonitrile and Acrylamide onto Corn
 
Starch. Absorbency of Saponified Polymer.
 

Absorbency
 
Mole Weight Starch Add-on DMF per


Strch DMMoleWeigt Add-n Sapru-g polymer)-"% 0 granule (0) solubles fication 
AA" AA state (%) tune H20 Synthetc 

(min) urine 

0 0 Granular 55 2.5 75 300 28
 
0 0 Gelat. 5? 12 90 1000 -4)
 

[0 	 12.9 Granular 58 4.8 - 460 3,
 
Gelat. 7.2 300)
20 25 	 Granular 5810 12.9 60 4.3 2712 880 -1331) 

2 25 Gelat. 60 5.2 13 660 '_ 
-

1)AA - acrylamide. 
2) lsoarxi by dialys and tray dryng. 

Five other monomers were copolymerized with acrylomitrlc 
onto gelatinized con starch to determine their effect on 
saponification timeandon the absorbency ofsaponified graft
copolymer films isolated by dialysis and tray drvmin (Table 4) 
Acrylic acid increased water absorbency of the saponified 
graft copolymers and shortened the time needed for 
saponification. A shortened saponification time was also 
obtained with 10 mole omethyl acrylate. Although inclusion 
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IdUIC 4. 
Graft Copolymerization of Acrylonttrile and Selected Comonomers onto Gelatinized Corn Starch. Absorbency of Saponified Polymer 

Absorb-.ncy 
ig fluid per

Comonomcr Mole Weight Add-on Sapom- g polymer' 

2) Twice the usual amount of cenc ammonium nitrate was required to initiate polymerization. 

% % fication 
comonomer comonomer time HO Synthetic 

Imin) urine 

None 
Vinylsulfonic acid 
Acrylic acid 2l 
Acrylic acid"' 
Methyl acrylate
Methyl methacrylate
Styrene 

0 
5 
5 

10 
10 
10 
10 

0 
9.7 
6.6 

13.1 
15.2 
17.3 
17.8 

59 
56 
49 
48 
61 
60 
55 

90 
105 

30 
20 
40 
95 
70 

1000 
1200 
1500 
1600 
1000 
440 
230 

40 
49 
42 
47 
38 
26 
21 

1) Isolated by dialysis and tray drying. 

3) Four times the usual amount of cenc ammonium nitrate was required to initiate polymerization. 

of vinylsulfonic acid also gave a saponified polymer with 
higher absorbency, the saponification time was somewhat 
longer. This was a surprising result, since one might expect
behavior analogous to AASO3H. When 10 mole% of either 
methyl methacrylate or styrene was included with acryloni-
trile in the graft polymerization, absorbency values of the 
saponified products were lower than those of saponified
starch-g-PAN, and there was little or no reduction in 
saponification time. 

3.2 Graft Polymerization of Acryloniltrile onto 
Flour and Meal 

Acrylonitrie was graft polymerized onto aseries of flour and 
meal samples, which had either been slurried in water at room 
temperature oe heated in waterat 85 'C to gelatinize the starch 
component (Table 5). Comonorners were not used. With the 
exeption of the reaction with whole ground corn meal, which 
used twice the normal amount of ceric ammonium nitrate 
initiator, graft po!ymerizations were carried out in amanner 
identical to zhat normally used with starch and gave products
with comparable values for %add-on. 
A major difference between these reactions and previous
polymerizations onto corn starch was the relatively high 
percentage of polymerwhich was dissolved on extraction with 
DMF Infrared spectra of these soluble fractions showed 

Table 5 

them to be largely ungrafted PAN, with the exception of the 
fraction from the bleached pregelatinized corn flour product,
which contained considerable carbohydrate. Since ungrafted
PAN would not be removed from LhC graft copolymer before 
saponification in any practical process, the entire reaction 
product from graft polymerization was saponified to obtain 
the absorbent polymer. 
Although it isapparent from Table5 thatsaponific:*ion times 
have not beer significantly shortened by substitutiiq flour ,; 
corn meal for starch, the fluid absorbencies of saponificd
polymers isolated by dialysis and tray drying have be.nmarkedly increased by this substitution. Of particular interest 
is the absorbent polymer prepared from ungelatinized yellow 
corn flour, which had an absorbency almost eqtal to an 
analogous product prepared from gelatinized corn starch. 
Not only is flour often acheaper raw material than starch, but 
omission of the gelatinization step would result in asignificant 
cost savings in any commercial process.
As with the AASO 3H-containing polymers, we investigated 
some practical methods for the isoiation of the absorbent 
polymers prepared from granular and gelatinized yellow corn 
flour and determined the effects of these isolation methods on 
water absorbency (Table 6). As observed in Table 2, drum 
drying ofcrude reaction mixtures produced polymers having
relatively low absorbencies. only minor differences were 
found between flour-based polymers and starch-based 
polymers. When the unpurified reaction mixtures derived 

Graft Polymerization of Acrylonitrile onto Flour and Meal. Absorbency of Saponified Polymer 

Number Substrate 

CF-Gel Yellow corn flour 
CF-Gr Yellow corn flour 
PCF Bleached pregelat. 

corn flour 
CM-Gel Whole ground 

corn meal-" 
WF-Gel Soft wheat flour 

1) Isolated by dialysis and tray drying. 

Absorbency 

Preireatment 
of substrate 

slurry 
(*C) 

Add-on 
(%) 

DMF 
solubles 

(%) 

Saponi-
fication 

time 
(mini 

ig fluid per 
gpolymer)' 

HO Synthetic 
urnne 

85 
25 

53 
40 

26 
22 

105 
>60 

2600 
900 

57 
32 

25 5b 27 >60 2700 76 

85 
85 

42 
52 

-
34 

75 
>85 

1900 
2100 

39 
44 

2) Twice the normal amount of cenc ammonium nitrate was required to initiate polymenzation 
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Table t, 

Water Absorbencies of Flour-Based Polymers vs Starch-Based 

Polymers. Dependence on isolation Method. 


Absorbency (g HO per it polymer) 

Drum dried Tray dried PrecipitateNumber 
unpurified unpurified with 
product product methanol 

O-Gr" 180 - 230 
0-Gel' 320 430 1500 
CF-Gr- 200 - 500 
CF-Gelt 270 690 1200 

1IFrom Table 2. 
2) From Table 5. 

from gelatinized flour and starch were tray dried, the use of 
flour in the graft polymerization resulted in a significant 
increase in aosorbency. When absorbent polymers were 
isolated by methanol precipitation, the gelatinized flour-
based polymer exhibited a lower water absorlency than its 
starch counterpart, in contrast to the results in Table 5 for 
dialyzed and tray dried fdms. The methanol precipitated 
absorbent from granular flour, however, showed a signifi-
cantly higher absorbency than that prepared from granular 
starch. 
Ve are indebted to Clara E.Johnson for sulfur analyses. 

Thementionoffirmnamesortradeproductsdoesnot implythatthey 
are endorsed or recommended by the U.S. Department of 
Agnculture over other firms or similar products not mentioned. 

Summary 

Polyacrylonitrile (PAN)-containing graft copolymers ofcorn 
starch were prepared from monomer mixtures obtained when 

selected comonomers were substituted for a portion of the 
acrylonitrile. Graft copolymers were then saponified and the 
saponified polymers dried to form absorbents for aqueous 

fluids. Use of 2.acrylamido-2-methylpropanesulfonic acid as 
a comonomer resulted in shorter saponification times and 
more absorbent products. Incorporation of acrylamide into 

the polymerization mixture similarly shortened the time 
needed for saponification. Vinylsulfonic acid. acrylic acid. 
methyl acrylate. methyl methacrylate and styrene were also 
used as comonomers. and their effect on saponification time 
and on absorbcncy of tilesaponified polymer was examined. 
Substitution of flour or corn meal for starch in the 
ceric initiated graft polymerization of acrylonitrile gave 

polymers which, after saponification, had a higher absorben­
cy for aqueous fluids than saponified starch-g-PAN. 
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lo1 at'... ... soil conditioners 

MEETING the demand for increased efficln'y In'-water management requires the utilisation of the late t 
water-related technology. Supoabeorbents rappu t one such step forward: an innovation that can be readily 
applied to increase plant survhl, impmrve haonlisg, eonearve water, promote growth and reduce maintenance. 

Superabsorbents, as soil amendnwvtl, arecap#b of absorbing hundreds and sometimes thousands of times 
their own weight in fluids. Indvidual .uperaboubnt particles can be considered as extremely efficient sponges 
which are insoluble and do not alter the naore of the moisture which is absorbed. 

To gain an understanding of how these perticlqe act to absorb moisture so efficiently consider a simplified 
molecule of the material (fig 1). Each particle or molecule can be thought of as having two main 'parellel' groups of 
atoms which are periodically joined by connecting cross-links like the rungs of a ladder. 

When water comes into contact with a superabeorbent particle an electrical repulsion takes place causing the 
main branches of the molecule to repel each other as do the like poles of a magnet. When this happens water is 
drawn between the two branches resulting in a rapid swelling of each particle (fig 2) and at maximum capacity 
each particle will expand to over 30 times its original volume. As the water is extracted by the capillary action of 
the plant roots or evaporation occurs, the materiel shrinks back to its unswollen state. When water is added again 
the material re-swells absorbing the water as previously described. 

The use of superabsorbents can increase significantly both plant survival and production rates especially in 
areas with irregular rainfall patterns of dry sandy soils as well as in reforestation projects and conventional cereal 
and forage production regimes. 

This article describes what superabsorbents are and how they can be utilised as a tool to improved water 
management, to conserve precious water resources and to promote optimal plant growth, with reference to one 
particular commercial product. 

Superabsorbents improve plant survival
 
Alasdair Barcroft 

TI'1. ABSOyrPION CAPACITY of super-
absorbents, like many other absor-
bent materials, is affected by salinity, 
p1i, conductivity and ther variables 
that inhibit expansion. It is not un-
common for asuperabsorbent with an 
absorption capacity of 800 times its 
weight in pure water to absorb only 
300 times its weight in actual use 
beause of such variables. 

The pH of the absorbed water 
should not present too much of a 
problem in most plant related applica- 
tions since the pH of the growing 
environment would normally be 
within the ideal range (pH 6-9) for 
optimum absorption. 

'Terra-Sorb' is the registered trade 
mark of one such superabsorbent 
manufactured by Industrial Services 
International Inc in the USA'. Terra-
Sorb remains effective in the growing 
environment from a period of.about 
six months to several years. After 
biodegradation occurs what remains 
of the material functions as a soil 
amendment, improving aeration and 
other soil characteristics. Interest-
ingly enough the material which 
remains after biodegradation occurs 
is very similar to a soil amendment 

*Circ 2 on Enquiry S vie fev Wwmaiss 

World Crops, January/February . 984 

product marketed by Monsanto in the 
1950s called 'Krilium'. 

Most plants are watered on a 
schedule or when signs of wilting 
appear and such methods do not 
always ensure that the plant has ade-
quate water or that needed for 
optimum, uhiform growth. Normally 
by the time a plant shows signs that it 
needs water it has long since stopped 
growing. The use of superabsorbents, 
such as.Terra-Sorb, allows the plant to 
obtain water as needed for optimum, 
uniform growth and there is little 
slow-downdue to too muchortoo little 
water. 

Oxygen depletion or carbon diox­
ide build-up in the plant root zone is 
harmful and potentially fatal to 
plants. When particles of a super­
aborbent, mtic as Terra-Sorb, are 
present in the growing media, they 
will, upou absorbing water, expand to 
many times their original volume (fig 
3). 

This expansion opens and exercises 
the growing media by forcing soil par­
tides'apert thus increasing aeration 
and improving drainage. Once these 
particles reach their maximum 
absorption point excess water flows 
freely ever and around the particles as 

Main Branches 

..-Mai n-h -­
: \:.- CCross Links 

1 Each molecule has inits structure twomain parallel groups of atoms, periodically 
joined by connecting links 

:* : 
-


ED 

2 Water molecules: H-O-H. + Like 
polarity particles repel but are prevented
from expandinG too far by the cross links 

particles apart, opening passages for air 
and at the same time Improving moisture 
availability 



it would over a saturated sponge. 
*Plugging' of the soil is not therefore a 
problem in the utilisation of super­
absorbents of this type. The combina­
tion tf good water availability and 
good acration promotes faster growth 

4 x 
and mininmises the danger of root rot. 

()ic of the major advantages or 
utilising :aTerra-Sorb type of super­
ahi,,ihcnt is its ability to make use of 
,livitational water. This is the water 
Mlilch nioses freci through soil due 
t,,.cravitational forces and is not 

:tvalhahic to the plant because 
(d It,(dltcl r;pid passage d(owrnwards. -. 

Wiii' ,superahsorhents are mixcd 

iI%. 


" ' ,: ; . itlh the roving media much of the 
o itatillmal water is held in a form 	 . 
thit 	k ie reaidit extracted bw the 

Terra-Sorb used in hydromulching at 7bkg/hapi; II[()ot. 


Ihc concept if utilising moisture­
ii: lll}2ll neris is ccrtainlss amejulit_'ll 

ii)i Il'., cL Moisaito's KriliurnK, and Kentucky, II 11t ()SA% showed . ;tcki .I Ils c;Int rthl.t Cle'H IilC l ) 

intLel ",utch ;ainendrnerts as peat 29X' ,increaseir i plant survival rate bIth s'uml a1nd wat,-;. 

,n,.%crrmic'lite, urea formaldehyde through using tcrra-Sorb Iii trans- Broadcasting 

mllat imls (ucatorms) and other mat- planting. 
.1'-I Ih, pallillstlrra-S(Il, suplis. t 

(: is diL'w itch' l,,Cd. 

I Icall I)(. hri ) d J (';;I',.I I lI)l1)
;mall'. IIhIisec,.l th sc iaterials do riot Amending Mtudia 

"c(Idliig I, oi"!Wiiiri, I'u(1h; i%' the welling or absorption tll­

cliin ll-"l)t' di

ihlr .'IllsMtlt, Of suLperabsorbcnts. 	 Supera orlictn particles )d 'Icra- iWl), I)lliiliil 

i urea-


,cI with ; i stl i' reervir"
 

"li -\alni:,I lygromullT M, a 	 So rbrc ,i6l . nmixed inth tie gr)w- ilnt'lCaC. illiiliu I hcl.bY triv li.the 

h14l llllclitllnt, absorbs about 30 ing medihi It)iinprwi llliStnle rCtCll-


lillws iis .cighlt if water whilst lion. ' i 'sapplication is ideally Suited TLrna-So Ila 1n d,
b)lh iiiiiic:iat' IiiC:a­
isIcll dSor ). 	 for pottedl plants, bedding flats and tion to) soil lalncrs whclchv itabsorbs hundreds of times 
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minimise transplant shock and to 
promote the rapid establishment of a 
luxurious green cover, 

Mr Willis Branch, a tobacco grower
in North Carolina, used Terra-Sorb in 
its dry form at a rate of 3lb/acre when 
bedding tobacco. The material was 
applied with a fertilizer applicator and 
dispersed into the soil when the beds 
were formed.l Several beds were not 
treated, as a control, and it was found 
that average leaf length in the treated 
beds was 35-36in compared to the 
control group average of 24-26in, 
with no apparent loss of quality in the 
leaf. 

Bare root applications 
Plant roots can be dipped or sprayed 
with a Terra-Sorb water slurry to pro-vide essential moisture during ship-
ping ndihandling. Inaddition to pro-

viding moisture, a reduction in ship-
ping weight and hence cost is achievedsince peat, clay or any other material
is 	no playgcr required. 

A 	leading Forestry Product 
Company in the USA has been using 
Trra-Sorb gel coating for two yearsin 	 its packing/shipping operation for 
seedlings, with considerable success 

A leading rose grower in the USA 
saves US 7 cents for each plant ship-
ped, by using Terra-Sorb, because of 
the reduced weight. The approximate 
cst treuceweiht.2e 
 tspter Sorb 200G in, for example, thecost of treatment is US 0.25 cents per 	 dryseeding of rice, one of the world's 

seedling. 
A major consideration in the 

development of Terra-Sorb 200G was 
to provide a moisture retaining seed 
coating which would be readily 
acceptable to traditional farmers. 

Terra-Sorb 200G is a powder that is 
applied by simply mixing it with dry 
seed in the ratio of approximately one 
pound per 50 to 1001b of dry seed. It is 
ideal for seeder/hopper box applica-
tion and as Terra Sorb 200 G contains 
graphite it is not only non-abrasive 
but also acts so as to lubricate the 
planting equipment, thereby maxi-
mising planting efficiency. 

Tests conducted in the USA using 
Terra-Sorb 200G with wheat, oats, 
beans, soyabean and other crops have 
shown significant yield improvements
and increases in crop values per acreof up to 15%. Average yield increases 

of 7 bushels per acre have been 
reported and the yield of soyabcanhas been improved by as much as26%. An increase in germination of 

over 50% was reported by the US Soil 
Conservation Service in New Mexico 
in relation to certain grasses. Corn-parisons of plant height showed that 
those plants treated with "Ferra-Sorb 
200G had an average height of 4-5in 
whereas the maximum height of the 
untreated plants was only 2in. 

The potential for utilising Terra-

plant. 

Citrus and fruit tree industry 
Terra-Sorb superabsorbents are 
being used to treat resets in the citrus 
industry to increase survival rates 
through a reduction in transplant 
shock and thus minimise reset losses 
as well as reducing watering require-
ments. It is estimated that in the USA 
every time it is necessary to water a 
citrus reset it costs the grower about 
I I Mt cen'Is but hecatsc fhe applica-
1m)(Tlrra-Sorh allows the soil i 
retain more water the watering fre-
quency can be reduced and hence 
substantial savings realised, 

A specially modified form of 
Terra-Sorb has been developed speci-
tically tr seed coating applications. 
Moisture absorbing particles of 
lerra-Sorb 200G expand as they 

draw moisture from the humid air or 
from liquid water. In expanding they
form a gel 'fuzz' at the seed surface 
and moisture held by the gel softens 
seed tissues, promoting rapid germi-
nation. Plants grow faster because 
moisture is readily avail. ',le to the 
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most economically important crops, is 

an 	as yet untapped area.
Cost is always a major factor in any 

agricultural, horticultural or forestry 
project and obviously the addition of 
any material to standard inputs such 
as 	fertilizers and agrochemicals will 
increase the production costs. How-
ever this additional cost should be 
viewed in the light of the potential 
benefits to the plant tree or crop 
which can include: 
I. 	 INRII.ASF-I): survival; rate of 

growth; germinhition; yield; shelf 
life; efficiency of water use. 

2. 	 Ri)UCED: labour costs; trans-
plant shock; crop losses; crop 
growing time. 

Typical costs for the application of 
Tcrra-Sorb superabsorbents, in a 
variety of uses, are: 
i less than US$10 to treat a cubic 

yard of media which is equivalent 
to US6 cents per gal container 

ii US4 cents to treat an 8 in hanging 
basket 

iii US 6 cents to treat a 72 cell bed-
ding flat 

iv as -,gel dip 5(1 seedlings can be 

treated for US I cent 
v in sodding or hydromulching the 

cost is US 0.8 cent per sq ft 
vi 	 in transplanting a plant with a I 

foot root ball can be treated for US 
40 cents 

vii Fifty pounds of seed can be treated 
with Terra-Sorb 200G for about 
US 4 dollars. 

Studies by universities in the USA 
such as Auburn University; the 
University of Oklahoma; the Univer­
sity of Georgia; and the Virginia Poly­
technic Institute have confirmed that 
tie addition of Terra-Sorb can reduce 
water stress; increase nutrient reten­
tion due to reduced leaching; replace 
peat moss as a moisture holding mat­
erial; increase germination and in 
other ways improve the growing
environment.Most importantly 'Terra-Sorb 

superabsorbents are becoming an 
important tool in iuproved watcrmanragemeint for farmers, foresters,nurserymen, landscapers and others 

involved in the 'green' industry. 
Terra-Sorb products should play 111 
ever important role in assisting the 
increased production of food and 
improving the economics of plant
production and installation through­
out the world. 

The US Forestry Service and indce­
pendent foresters are now usingTerra-Sorb products to treat over 400million young trees per annum arid 
the US Department of Agriculture 

(USDA) are predicting that theamount of superabsorbents used will
 
exceed 100 million pounds per annum
 
within the next few years.
 

In summary, in the words of Sara
 
Groves, a horticulturalist at the
 
Georgia Institute of Technology,
 
USA, 'Having Terra-Sorb is like hav­
ing a built-in baby sitter for our horti­
cultural projects. We have found that
 
newly plait(cd seed flats, seed beds,
 
transplan[Ited flowers a1id shrubs and
 
all gr(mirrg plants are well protected
 
with Terra-Sorb. in additiion lerra-

Sorb reduced labour inputs and saves
 
production costs'.
 

The potential applications for 
supcrabsorbents, in traditi on A 
agricultural, Iorticultunral arnd forcs­
try regiies as well as in the establish­
ment of new plantation crops such as 
oil palrn, rubber, cocoa, tea, etc, from 
nursery secdlings, is enormous and 
the benefits from utilising super­
absorbents could be of great 
economic significance to an indi­
vidual, a company or indeed a 
country. 
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TRANSPLANT SURVIVAL 
IMPROVED 
By T.E. "Ted" Whitmore 

620 Clinton Street, Kalamazoo, MI. 49001-Phone 616/385-4606 

Transplant survival for Christmas 
trees and other forest trees will be 
much better in the future because of 
some new technology. A new water 
absorbing material used as a root dip is 
dramatically increasing survival and 
improving early growth on some 
Wisconsin, Michigan and Pen-
nsylvania plantations. 

The material, LIQUA-GEL® , ab-
sorbs 800 to 1,000 times its own weight 
in water, forming a mass of gel like 
particles. Used as a root dip the 
LIQUA-GEL slurry clings to roots, 
protecting them while they are out of 
the ground, then function3 as a super 
sponge in the soil - gi!irng up its 
moisture as the plant needs it, then 
reswelling when moisture is available 
to continue the process. It will remain 
effective in the ground through most, 
if not all of the first season. 

Sprotect 

Pine seedling with roots dipped and 
readyforplanting. 

LIQUA-GEL is a modification of 
the starch graft polymers invented by
the U.S. Department of Agriculture,
North Central Regional Research Cen­
ter, Peoria, Illinois and dubbed "Super 
Slurper." They have found wide ac­
ceptance in many applications both in 
and out of agriculture but especially in 
agriculture where they have been used 
to improve moisture retention and soil 
water relationships for plants. 

This new modification not only has 
greater water holding capacity but also 
better retention on tree roots. The fine 
particles of gelled water will cling tothe roots much better than earlier 
products which tend to be slippery and 
are more easily lost off. 

The Wisconsin Christmas Tree 
Growers in their summer conference 
saw some dramatic results from using
LIQUA-GEL when they toured the 
Campbell Tree and Land Company at 
Wautoma, Wisconsin. Ron Campbell
had planted several thousand 2-2 
Blackhill Spruce with and without 
LIQUA-GEL in April 1981. But, alas, 
the April shovers failed and the plan­
ting went almost :hree weeks without 
additional moisture. 

Survival was a short 50% where the 
LIQUA-GEL had not been used and a 
good 80% where it had been used. But 
that isn't the end of the story, probably 
one-half of the surviving non-treated 
trees will never become saleable 
because of thn severe setback they suf­

csfered.
 
Ron is delighted with his results and 

says, "I won't plant anymore trees 
without it." But, he also points out 
soi:e other benefits he found: 
"The first thing the gel did was to 

the roots while we were tran­
splanting. The bundles of trees dipped 

Close-up of pine seedling roots after 
being dippedInLiqui-Gelslurry. 

Container grown Norway Spruce
seedling with root ball dipped in Liqui-
Gel. 

q
 



_ _ _ _ 

in the gel could stay on the truck all 
day without drying out." 

"Then, the weight of the gel on the 
roots helped to get them into the 
ground straighter. I'm sure we'll 3row 
better trees because they'll have better 
roots." 

It was a hot dry July 25th when the 
Wisconsin growers were at Ron's place 
and the cold beer went down real good. 
But, the trees that had been planted
without LIQUA-GEL were wilting, 
while those planted with it were stan-
ding up pretty. The differences bet-
ween the two groups of trees was quite 
dramatic, 

Then in October, yet another advan-
tage was noted when some of the better 
trees from both 'he treated and non-
treated were dug and bare rooted. The 
treated trees had a distinctly better root 

snte re. 
An interesting side note: Corn,

soyvheans and small grain seed that 
were coated with LIQUA-GEL before 
planting in 1981 generally emerged 
sooner than the untreated and 
developed a better root system, regar-
dless of the moisture situation. The 
difference was noted from several 
states in conditions from dry stress to 
very wet. 

Coating forest tree seed for direct 
seeditig then becomes a distinct 
possibility, with the likelihood of im-
proved trees in better stands.TH E COST? RonTHE COST? Campbell says,onstaCampbelrs , 
"Itcost me about 33/100 of a cent per 
tree to treat my 2-2 Blackhills Spruce: 
The LIQUA-GEL cost $6.60 per
pound. One pound made 20 gallons ofslurry and that was enough to treatslury 2Development 
about 2,000 trees. I figure can treatI 

about 10,000 pine seedlings with 20 
gallons of durry and I'm not even 

going t t g h a 

A logical question is frequently 

raised about the danger of reverse ef-

fect when the soil becomes excessively

dry, 'will [te gel in fact begin to draw 

Doane of the USDA at Peoria says,
"Yes, it might. But, by the time this 
would occur, the surrounding soil
would occur, te surredoudg oilwould have already dried out to the 
point that the tree without the gelwouid already have been dead anyway,
The purpose for using the gel is to 
prolong the time a tree can gowithout 
supplemental water.'' Thus, the 

-


' 

Blackhllls Spruce at Campbell Lane & Tree 
Company, 83 dayst afteeplanting with Liqui-Gel. 
Note excellntcandle growth. 
question is really more academic than 
practical. 

Use of the super slurper cort pounds 
isalready wide spread in other plant 

--For bare 
vegetable and tobacco crops and 

growing industries:root transplanting 

or­
namentals 
--For fluid drilling of pre-germinated 
vegetable seed 
--For slurry dipping of container 
grown seedlings and other container 
or balled in burlap plants,hare root 
fruit and other trees 
--Dry mixed into soils to catch and 
hold moisture on watering in potted 
hodmitr nwtrn nptetrees and shrubs; on open soil before 
grass sed r on etsdio 

plants; in backfill soils for planting 

grass seeding or sodding, etc. 

--inhydromulching 

--etc., etc. additional use potentials
can stretch your imagination.

worl: is currently un-
derway on the best ways to incorporate 
insecticides, fungicides, nemaicides, 
growth hormones, etc. into the slurry 

to help plants get a better start for a 

healthier and more profitable life. 
ANTI-TRANSPIRANTS TOO 

Another important tool for reducing 
tree losses due to moisture stress and 
t 

conserve limited soil moisture is
through the use of anti-transpirants.
Anti-transpirants are used extensivelyi h s 
pn horticultural applications for this purpose, 

Anti-transpirants partially plug the 
stomata on plants, thereby reducing
transpirational moisture losses. The
plugging, while sufficient to reduce 

moisture losses, is not complete and 
does not interfer with respiration if 
properly applied.

The University of Maryland has 
recommended anti-transpirant usage 
for several years and according to Dr. 
F.R. Gouin, the practice has greatly
reduced their transplant losses. 

Maryland's recommendation is to 
dip the tops of the trees in an anti-tran­
spirant solution containing 19 parts of 
water and I part VAPOR GARD" , as 
they are being prepared to go to the 
field. 

Anti-transpirants can also be applied 
by thoroughly spraying the trees before 
they are removed from the seedbed 
using the same solution. Thorough 
coverage is the key to successfully 
using anti-transpirants. 

IQI.G4-I. aund VA 1OI? GARD are 
r'giered tradeauoes oJ./iller Chemical & Fer­
i/izer(orp. lianover, !Pentnsylvania 
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TRANSPLANT AIDES
 
Real Tools to Increase Tree Survival 

MILLER 

VAPOR GARD .. 
ANTI-TRANSPIRANT CONCENTRATE 

To Reduce Transpirational 
Moisture Losses... 
... Reduce Transplant Wilt and Shock 
...
.Conserve Valuable Soil Moisture 

MTLLER 

LIQUI-GEL 
(Formerly Aqua-Gel) 

Protect Transplant Roots while they're out of the ground. 

Puts extra moisture and moisture holding capacity into 

CONTAINER GROWN the soil adjacent to the developing roots. BARE ROOT 

MILLER MILLER
 

HOTSAUCE ANIMAl. REPILLIF,!NTNUTRI-LEAF 60 

20-20-20 To Repel Deer - Rabbit -
 Meadow and Pine Mice 

SOLUBLE FERTILIZER 
A completely soluble fertilizer with chelated trace 
nutrients designed for foltar application to im­
prove plant vigor and color. MILLER CHEMICAL & FERTILIZER CORPORATION 

Hanover Pennsylvania 17331 U S.A. , An AIco Standard Company 

Phone 717/632-8921 



UNIVERSITY OF KENTUCKY I COOPERATIVE EXTENSION SERVICE
 
LmuNmoro, KUsHucsv 40500 I 

DEPAATMNT OF HORTICULTUiE
COLLECE OF AGRICULTURX Robinson Substation 

mEID-.T ,.rMauCTrON Quikhasd, K .eluk 41381 
AoICULT sJuAL SWOW Te.phooaa (@TA).88"44|MBMI 

October 16, 1980CcXJUATt 5 TEMUQNUOWJ 
t 

Mr. James Quinn
 
Industrial Services International, Inc.
 
P.O. Box 10834.
 
Bradenton, Florida 33507
 

Dear Mr. Quinn:
 

The transplant study with sugar maple on surface mined
 
land turned out a little better than I had feared. The
 
percent survival was as follows: control 6.7%; Terra-Sorb
 
root dip (1 oz./gal) 20%. These figures represent an
 
average of three replicates.
 

I realize these figures don't appear earth shattering but
 
this was under the worst possible conditions. The plants
 
were planted very late (May 27); the nursery stock was
 
in rather poor condition; the site was a slope with fairly
 
heavy cover; and, the area received approximately 0.3
 
inches of rain from May 20 to July 1.
 

I hope to put out a better conrtrcilled study next spring 
wLth the materialt
 

Dr. Bob McNiel and I were disoUssing other projects for
 
some of our surplus plant material. They will be gencrating
 
quite a bit of container stock from other experiments in
 
Lexington. We have an area here on the substation that
 
has approximately 12 inches of soil over rock fill. The
 
area should be drought$.
 

Bob and I are considering looking at the effects of
 
Terra-sorb mixed into the backfill for establishing
 
container plants on this area. We would probably measure
 
survival, growth and root penetration.
 

We were wondering if your ooany might have some funds 
to help establish and support such a study. We have gone 
through some severe budget cuts, 'anr the funds would be 
used to help support a techniclan for the summer. This 

C O/Aicltf b WairPI co mfnocla e 040*aanui8Aod to pvovwd resavch, EduCotional i2Wonmatioss 
owhou t rqwd to rde,, color,sexJ or mintion ongi.n.ed othe"ni;i 0 I IdbTmat aw ," i km ai ow 

UNIVIRSITY OF KENTUCKY, 'U.S, WARTuIINT Of AMICULTURN, AND KENTUCKY COUNTIES, COOPERATING 
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technician ,would be used to help establish, maintain and
 
collect data on research studies. We would be interested
 
in any contribution that miaht be available from your
 
company.
 

Thank you.
 

Sincerely,
 

David L. Hensley
 
Extension Specialist

in Horticulture 

DLH/cJ
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NURSERY
 
By David Fi.Lre'
 

Whiat's new? That is probably the most commonly asked question 
in the
world. Probably the common answer is "I don't know. What's new with you?"Th,tt is not the answer you should be getting from the Division's nurserymen
because there are quite a few new happenings in our Nursery Program.
would like to take this opportunity to acquaint you with just a few. 

I 

(1) New Species. We are continually examining the possibilities of

irrtrolu :ing new species for our reforestation and wildlife programs. This
yeaLw L added Oak, Red and
ave Sawtooth Oak,Northern Chinkapin. These,pecie. lhave been sown in rather small quantities in order to test themarket. Other species which are under consideration are Pecan, Pin Oak,1auiowril,, and WeCypress. are open to suggestions and conrunents.

(2) ljmiroved Virginia Pine. This year for the first time allI of the
Virgini, Pine seedlings grown can be classified as improved stock. Seed

(came t ium seed orchards set up by the U. S. Forest Service. 
 Jim McConnell()f thit a(lency tells me that although the progeny tests from the orchards
 
d1ie oinly five years old, their 
 form and early growth are fantastLc. Next year we. will be getting some more seed from this source. theWithin next


I v y,, ;r we should be getting improved seed from our own Virglinid P1inu
 
()I k , ) I:,.
 

li t-sorb in Use at Morgan County Nursery. Terra-ioib is i ( ela­
riII I -;tairch that several unre its inholds times own we.ight wiuter.
 

4 , ,' ii;Siij it- is a moisture retention material on our busedJiny ront.s. WU
 w I I eve. it is every bit as effective as clay and not nearly me.sy.
so
']Ihert. are several other new developments such as a new variety of Scotch


Pine which we will be sowing this spring, more up-to-datu information on
mIIcoLI izal development on our seedlings, and herbicidal studies. More on 
! f,-, In th next issue. 
NJolie "R(ed" Fletcher has now officially joined the 30-year club. Redhi!,i spent his entire tenure with the Division at Pennyrile State Nursery,


ind he played a major role in developing the nurseries at Kentucky Darn and
lorg in County. 
 I believe the Division owes a great deal of gratitude and
(Appreciation to Red and others like whohim have dedicated their entire 
workingj lives to the Division. 

As of the first of March 1982, a total of 7.5 million suedlings had beensold ,st,ate-wide. figure down 2.7This breaks into million in district "hsolus and 4.8 million in other sales. Seven and one-half million is about
C, mill ion more than was sold last year at this time. 
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CONSERVATION THEE-PLANTING
 

Agrosoke has
 
big potential
 
in tree growing
 
"Agrosoke" Isa new product of great 

potential in growing tubed or tubbed 
trees - and for establishing trees on 
difficult sites or during dry seasons. 

It is marketed by Naturefert Pty Ltd, 
and isattracting world-wide interest among 
agriculturalists, tree-croppers, foresters, 
and conservation tree pl a.ters. 

"Agrosoke" is a polymeric soil stabiliser 
and water extender, and is perceived as 
aproduct of vast significance to all regions
where tree establishment is inhibited by 
lack of water. 

"Agrosoke" can literally put life back 
into barren, sandy soils. 

Simply explained, the product is 
supplied in granules capable of absorbing 
30 times their own volume of water. 

When mixed with sand in ratio of 
approximately one part to 100 parts of 
sand and soaked with water, the granules
expand and bind the earth-. This creates 
a basis fo' the sand to be reconstituted 
into a loam capable of producing crops. 

"Agrosoke" is'also high economical. 
In fact, as a non degradable polymer­
based material, the product need only
be applied once prior to planting. 

Its marketers claim the polymer:
" 	 Improves the water retaining capability 

of desert sands or sandy soils and 
retards subsequent evaporation. 

" 	 Establishes strong, healthy trees in 
those areas formerly considered to 
be unsuitable for economic tree 
establishment. 

" 	 Improves soil structure and aeration 
and prevents mud accumulation. 

" 	 Makes possible more efficient use of 
irrigation water once a tree is estab­
lished. 

" Does not decompose in soil and has
 
unlimited reabsorpticn capacity.


" Does not adversely affect trees or
 
shrubs.
 

" Prevents crosion by the wind. through 
strong binding properties - even after 
the surface has dried out. 

On contact with water the "Agrosoke" 
"produces a %jscousliquid, some of which 
forms a cap or 'crust' on sand surfaces. 
This helps to prevent wind erosion while 
still permitting subsequent water penet­
ration. 

Australians who have used "Agrosoke"
see it as bting of great potential benefit
 
in:
 
" Agroforestry (especially in dry areas)


where high-value, cloned trees are 
planted out as a "final crop", on wide 
gs acing. 

* 	 ervation tree planting. on sites 
that require trees for soil erosion 
control as the most economical method 

*to apply. 
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a"SuperSlurper

Gets Your Crop

Moving Earlier
 
New compounds for coating seed and roots give your crop a fast start 

and may increase your yields with very little added expense. 

-Z7 IThe 
.
 

%" 


N 

1-

L* 

Roots of this plant were treated with " 
slurper and then dipped in water. we atr 
Istrapped and held in a gel amund roots. 

By DEL DETERLING 

"Super slurper" sounds like the 
name of a toy you'd buy for your 
youngster. It's no toy, however. It's 
one of a new family of seed and root 
coatings just now coming on the mar-
ket, and it holds exciting possibilities
for crop and forage producers. 

These coatings are starch-based 
absorbents that, when they come into 
contact with water, set up like a gela-
tin salad does. 

Research shows that by coating 
planting seed with this absorh..nt ma-
terial, more seed germinate and do 
so faster. 

56K 

super slurper coating worksthis way: When a coated seed is cx-

posed to moisture, the coating swells 
like a balloon and forms a gel-likecocoon around the seed. This then 
helps the seed germinate better, es-
pecially under dry conditions. Under
certain conditions, these coatings can 
mean the difference between plant-
ing or not planting.

Applied to bare-rooted plants, the 
gel protects fragile roots and ir-
proves chances for the seedlings tosurvive. Manufacturers can add other 
materials to the coatings to protect 
the young plants from pests and dis-
cases. Tiny amounts of plant food 
can even be included, 

Although these products are still 
fairly new anid supplies of them are 
limited, research and field tests give
clues to what you can expect of them. 
0Herb•' Partridge of Vrnon, Tex., 
says cotton grown from gel-coated
planting seed had 20% higher yields 
than cotton grown from untreated 
seed. For a cost of about 50 cents an 
acre for coating the seed, Partridge 
pocketed an extra S50 of income per 
acre. 
* Elko Palaniuk, Jr., of Belfield, N. 
Dak., harvested 663 pounds of navy
beans per acre from a plot planted 
with uncoated seed. He averaged
nearly 1,500 pounds from seed 
treated with a super-absorbent coat-
ing. 
0 Willis Branch of Lumberton, 
N.C., cut his replanting costs in half 
by dipping tobacco plants in a gel
coating. He says treated plants also 
grew off faster. 
* In Arkansas, Dale Behmer, presi-
dent of American Ag & Bio-Tech, 
Inc., reports up to 25% better stands 
from coated soybeans interseeded in 
drouth-stressed soils. In his best test 
field, yields were up by 30%--an in-
crease of 12 bushels per acre. 

0 Seed coatings also are helping pro­ducers get better stands from rye­

grass seeded by air, and from 
soybeans or sorghum planted instanding wheat. 

"Use of coatings is an obvious 
method of increasing crop yields onthe same amount of land," declares 

Roger Eisenhauer, industrial coordi­
nator at USDA's Northem Regional
Research Center, Peoria, Ill. "And 

the cost is so reasonable-generally 
less than $3an acre."

Truck crop farmers long have been 

using coatings to equalize size of 
small, irregularly shaped vegetable 
seed for even planting. Many firms 
also sell coated alfalfa seed. This pro­
tects the bacteria put on seed to help 
the legume form nitrogen-producing 
nodules. 

But new types of seed and root 
coatings really excite the imagination. 

Super slurper, developed by 
USDA researchers at Peoria, is a 
good example. It is made from corn­
starch and other chemicals and has 
the ability to absorb up to 5,000 times 
its weight in water and up to 100 
times its weight in mineral solutions. 

Super slurper was released in 1974 
and there now are four major suppli­
ers of the product: Henkel Corp., 
Minneapolis, Minn.; Grain Pro­
cessing Corp., Muscatine, Iowa; 
Super Absorbent Co., Lumberton, 
N.C.; and Spenco Medical Corp., 
Waco, Tex. Some 50 more firms and 
individuals are licensed to use and dis­
tribute super slurper commercially.

Besides use in agriculture, super 
siv -is used to make firefighting 
aids and hygienic and medical pads; 
to seed grasses on mine spoil, along 
highways, and around construction 
sites; and for dozens of other pur­
poses. 

Earl Skinner of Henkel Corp. re­
ports that about 50,000 pounds of 

(Tum to 56P) 
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"Super Slurper" Gets Your Crop' Moving Earlier (From 56K) 

S-.-
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There are now four major suppliers of "super slurper." The matedal can be used on a wide range
of crcp seed. 

soybean, wheat, sunflower, and pinto 
bean seed coated with the firm's SGP 
polymer were planted in 1980. 

"We've also had good luck with 
corn, alfalfa, cotton, and guayule, a 
rubber-producing desert shrub," he 
says. "In every case, we've been able 
to get faster germination of seed-
usually by several days. We've oh-
tained a 10 to 15% better stand. In 
some cases, this may allow farmers to 
use lower planting rates." 

Ed Kirkland, president of Super 
Absorbent Co. reports that farmers 
in his area have been getting 10 to 
34% improvement in stand from 
coated soybean seed. He manufac-
tures both a powder Super Sorb, and 
a flake, Magic Water Gel, that can be 
used to coat seed and roots of nur-
sery, tobacco, and tomato plants. 

Grain Processing Corp. sells its 
starch-based powder, Water-Lock. 
directly to producers of nursery stock 
and potting soils, and to a few seed 
companies. 

Stasorb 372, a product of A. E. 
Staley Manufacturing Co., Decatur, 
Ill., has potential use for seed coat-
ings. The compound is chemically 
different from super slurper but very 
similar in the way it works, 

The search continues to find ways 
to use and apply the super coatings 
most efficiently. Some workers think 
it will be most convenient for seed 
companies and dealers to coat plant-
ing seed for farmers. But growers 
may be able to coat their own seed, 
using a tub, cement mixer, or ordi- 
nary seed treatment equipment. Elko 
Palaniuk is testing a planter-box 
treatment that appears to be very 
effective. Herb Partridge, a repre-
sentative of Henkel Corp., reports 
success with an in-furrow treatment 

56P 

for planting closely spaced seed. 
Dale Behmer of North Little Rock, 

Ark., hopes to introduce a system in 
1981 that keys the use of coated seed 
to an intersee-ding program. 

"By interseeding, I mean growing 
two crops on the same land during 
the same season," Behmer explains. 
"For example, coated seed can help 
us get an acceptable stand of soy-
beans broadcast planted in winter 
wheat when the grain is about knee 
high. These beans would be about 1 
foot tall when wheat is ready to be 
harvested. The straw will serve as a 
mulch to conserve moisture and cre-
ate shade to hold down weed growth. 

"The grower should be able to 
avoid all cultural practices, except 
possibly some broadleaf weed con-
trol," Behrner continues. "He'll need 
no tillage at all, so his production 
costs should remain very low." 

Behmer also reports good results 
from broadcast planting of grain sor-
ghum in growing wheat. "It also 
should be possible to come back and 
plant wheat in growing soybeans be-
fore they are harvested," he adds. 

"There's nothing magic about 
this," Behmer cautions. "Coated 
seed can help a farmer get a stand if 
his soils are stressed for moisture at 
planting time. But they won't save 
him unless he gets rainfall or irrigates 
during the growing season." 

The idea of fluid drilling is even 
more revolutionary. Dr. James 
Motes, Extension horticulturist at 
Oklahoma State University, says fluid 
drilling makes it possible to plant pre-
germinated seed that have been 
coated with agel. The gel protects the 
tender emerging root and helps the 
plant establish itself more quickly. 
The technique can be especially valu- 

.able to vegetable producers. 
Manufacturers expect to be able to 

add various chemicals to the coatings 
to protect seed against insects and 
diseases, change the pH around the 
seed, and to nourish it with plant 
food and trace elements. 

example, sorghum researchers 
are testing seed coated with iron on 
soils in which low iron availability 
kills sorghum or reduces grain yields. 
New Mexico scientists have im­
proved plant stands by 12% by plant-. 
ing iron-coated seed, althoug thq 
have not been able to increaseields. 
Oklahoma scientists agree tfiat iro,
coatings do give sorghum seedlings a 

boost but say they play out too early 
to give season-long relief. 

Work also continues on othcr 
types of coatings. 

At the University of Kentucky, 
Dr. C. T. Dougherty is testing Cel­
pril, a lime-based coating from Cel­
anese Corp., on forage legume seed. 
The coating protects seed that have 
been inoculated with nitrogen-pro­
ducing bacteria. "It gives pre-inocu­
lated seed a longer shelf life and 
protects them during seeding," he 
says. 

Several seed companies use Celpril 
or similar compounds to coat alfalfa 
seed. Roger Pirie of Germain's Seeds 
in Fresno, Calif., reports that over 
half of the alfalfa seed his company 
markets in irrigated areas of the West 
are coated. 

"The coating makes it easier for 
farmers to handle the pre-inoculated 
seed," he says. "And where moisture 
isadequate, we are getting as good or 
better germination from coated seed 
as from uncoated seed." 

But Northrup King spokesmen say 
they haven't been able to see much 
advantage from coated seed. "We 
think a grower will be ahead by tak­
ing the money that he would pay for 
the coating and planting more seed 
instead," says Winfield Johnson of 
NK's Fresno office. 

Dr. William M. Doane, captain of 
the USDA research team, predicts 
that planting uses alone could even­
tually account for-use of more than 
100 million pounds a year of the 
super slurper. Add the potential in­
crease in use of other types of coat­
ings and it becomes obvious we've 
barely scratched the surface in find­
ing ways to use these exciting materi­
als. 9 
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TE YL'-E crumb structure of the 
seedbed is important in ensuring that 
a high percentage emergence of 
lants is obtained. This is particu-
rly so with small-seeded vegetables 

and flowers. In many soils the crumbs 
produced by tillage to form the seed-
bed can be broken down by rain. The 
soil then slumps to form a smooth, 
dense, surface layer. 

In the worst case, under the in-
fluence of sun and wind, the soil 
dries and forms a hard crust or cap 
which can physically prevent the 
seedling from emerging. 

thdsi less severe conditions, where 
the sil remains, moist, the seedling is 
not prevented from breaking through
the crust but the loss of the crumb 

structure reduces aeration and poro-
sity. This can slow the growth of the 
seedling. It was shown that whenVi-Grow was sprayed on to a soil 
with a good crumb structure this 
sth was maintained even during 
structure a 

The biding effect was retained 
because th soluble cellulose ranthate 
readyepe d to insolublecel-ulose t 
rapidly decomposed to intoluble sel-
Cellulose is, of course, a naturally
occurring polymer the building 

block of all plants. 

Anti-capping trials 
To foulow up thee earls results, 

Courtaulds, the suppliers of Vi-Grow, 

in close co-operation with NeRS and 
Agricultural Development Advisory 
Service (ADAS). 

pone to capping (clasialsroi. lnd 
prone to capping (clay/silt soils). In 
most cases strips comprising 1 acre 
of the crop area were treated with 
Vi-Grow and compared to the re-
mainder of the area. 

Vi-Grow was supplied as a liquid 
concentrate in 25 litre plastic con-
tainers. The concentrate was diluted 
with water to 2% cellulose for spray­
ing, and applied at a rate of 25kg 
cellulose/ha. Although the spray 
liquor is more viscous than water 
very few application difficulties were 
experienced using fan or hollow cone 
nozzles in conventional sprayers. 

The treatment was applied either 
as bands or overall, depending on 
crop spacing and availability of 
band sprayers. Spraying took place 
shortly after drilling either before or 
after application of pre-emergence 
herbicides. After germination, emer­
gence count were undertaken by 
either AD ,.S, NVRS or Courtaulds 
as was conrenient. 

Good resulk, ,-despitethe weather! 
The emergence counts showed that 

the Vi-Grow treatment amply ful­
filled the promise indicated by the 

Very encouraging increases in emergence of small-seeded vegetables can
 
be obtained if the soil is treated with cellulose xanthate shortly after
 
drilling. This is the conclusion from the first year's field trials of the product,
 
Vi-Grow'.
 
Vi-Grow was first reported last year by Dr Ron Page of the UK's National
 
Vegetable Research Station (NVRS).
 
Dr Page found that cellulose xanthate was substantially the most
 
effective for stopping capping, and thereby increasing emergence.
 
In addition to its anti-capping ability cellulose xanthate can:
 
1. Enable seed rates to be reduced. 
2. Avoid transplanting and allow direct drilling In the ope.i. 
3. Enable contracts to be met with greater certainty. 
4. Give stronger earlier growth and'greater regularity 
5. Bind soil against wind erosion. 

Cellulose xan ate ncreases 
h e s e
vegetase em ergence 

results of the work at NYRS-in a improves the water holding ability of 
fesuats o eme a or e 80%Sthinoild 
few cases improvements of over 80/owere obtained. 

The trials were very representative 
of the beneficial effect that could be 
obtained since the treatment was 
applied to successive drillings of 
lettuce and salad onions in the period 
May to June. 

The variation in the extent to 
which the emergence was improved
by Vi-Grow almost certainly reflects 

the prevailing weather conditions in 
the crucial period between drilling 
and emergence.

A similar picture emerged from 
those trials monitored by Couitaulds 
and/or Dr Page. In both sets of trials 

very significant improvements in 
emergence were usually obtained 
when the untreated crop showed poor 
emergence due to the weather, 

A very good example of this was 
found at Chicory Crops Ltd where a 

94% improvement was obtained, 
Many of the large improvements 

were obtained in the early part of the 
year when the weather was very dry. 
It seems probable that Vi-Grow 

tha soil. 

Unexpected benefits 
It was also frequently noted that 

the plants in the treated areas 
emerged ea'rlier and were stronger 
and more regular than those in the 
untreated area. This was borne2 out 
by successive emergence countr taken 
on lettuce. 

.Ehergence in the treated areas 
could be complete up to five days 
earlier than in the untreated areas 
and thus lead to earlier harvesting. 

Control o? wind erosion 
Wind erosion can result in loss of 

seed or seedlings at an early stage, 
and later can cause damage to estab­
lished plants. Loss of organic soil 
itself is serious. Since Vi-Grow is an 
effective soil binder it was felt that it 
may also be effective at protecting 

crops against wind erosion. 
The initial trials suggest that this 

is so when an application rate of 
30-50kg/ha is used. 

Circle 88 an Enquiry Service for informwtion 
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Gel-Dipping Georgia Pepper Transplants
 
By W.BRADFORD JOHNSON 

r1,11%1Ill1: ( ;III-gia.r.ifiwvi I)Il.i(V I 
plants ul the En.ernld (iout vari-

ety were dipped in a gel before ship-
mont to New Jersey last spring. Tim 
(lip was iii ilit by ,ixiig / onuii:n itt 
gel per gallon of water. 
The dippold transplants, with an 
ulU0!number of' undippd plants, 

were shipped in a truck to the Rulgors 

Research and Development Center in 
liridg ton, N.J. The objective was to 
drrlu i.iIII ulir '111-if gel wouuld hIlii 
luctl plant survival in the lield andon 
on subsequent growth, 

Thi plants were set 1 foot apart in 
rows slii: apart. lhere wer(uld 5 I-toot 
25 plants lir plot in four replicates of 
dippeid nnd undipped plants. Starter 
solulion was used when the plants 
were sit. 

THE SHIFT IS ON TO BEFCO 


ITERROWCULTIVATOR: 5 Series Power 

driven high clearance cultivators. 
Cultivator heads from 5 to 36". 

? .Clearance from 16 to 34 . 
Tool bar with up to 176". 
Each head spring loaded, 

Options, fertilizer hoppers and 
ridgers,Priced much lower 

P- - thi competition. 

ROTARY TILLERS: 7 Series including manual 
and automatic side-shift units priced as low 

Soon after the plants had become 
established it was possihle to see that 
Iliv dipl'(Ipl.ais wet: :lightly shortur 
but more branched than the undipped 
onus. Survival was 100% for both lots 
of plants. It was decid(]c to grow the 
Ilants to harvesl to see ifthe difference 
in growlh would affect yield. 

The plots were give.n routine care 
ald irrigated as ieeded. When the 
crown sot reached marketable size, all 
pluts were harvested and records taken 
oif the weight and number of fruits 
from eight plants in each plot. The 
data wtre analyzud and are presented
in Table I and 2 below. 

A later harvest was made, but no sig­
nificant difference in weight or num­
ber of fruits was found. Growing con­
dilions late in the season were not 
fivorablh. 
Table 1: Weight at truits in the first harvest 
from Emerald Giant pepper plants. 

Weight inpounds 
Dipped 11.20 
Undipped 8.47 
Table 2: Number of fruits in the first harvest 

from Emerald Giant pepper plants. 

Number otfruits 
as $1000 list price for the smallest Dipped 34.75 

muc lbertha oterwel 4Undipped 23.75units. Machine and knife prices 
.much l ower tha n o th er w e ll ' .,,,, a d l 

known brands. 

-v 

1 

POWER HARROWS: Very heavy duty units, 
counter rotating tines, from 44" to 30'. 
Many cptions available such as quick
Mncp.nquently

attach BED SHAPERS, front disc 
attachment, tow hitches for pull 

and lift type planters and drills, 
etc. Priced much lower than 

other well known brands. 

BEFCO specializes in equipment for vegetable farmers. We 
offer quality products at attractive prices. We customize for 
your circurrstnces. We offer to demonstrate our product in 
your fields under your circumstances. Where we have no 
dealers we will sell direct. Call us collect for your needs. 

BEFCO Inc. 
POB 6036 RockyMount,NC 27801


Ir-- \606PB 0 Rock Mont, C 2801ED Telephone; 919-977-9920 

BEFC 

C O LU I N
 

The increased branching of theCONCUSION
dipped plants seemed to give rise to 
enough additional blossoms to result 
in a significantly greater number of 
fruits. 

If a root dip can increase the number 
of first harvested fruits, it would be at 
a time when the market price is fre­

higher. This could mean in­
creased returns to the grower. 

Jii,,,m,, , v i h..I el, t Cuuk Cul.h1', Iti' t-l'11I~, y,Umvom Ne'w Ito miswic'k,NJ 011903. 

,., i I,,. ,... w ri,=i,,i upt,., i,,i hl, Ci,.Jiui'sil, C;llij.iitujl ll.uj jjtl' ll jj
| Stu.sji 11j iVx II 

tan,Tiftu,. (;k3l73. 

Potato Lute IBliihtHAVE YOU READ... - I!pideuoooy,a 
13-minute color film produced by the 
New York State College of Agriculture
maidLife Sciences at Cornell University, 

describes the iifluences of environ­
ment, host, pathogen, and cultural 
practices on epidemiology. Potato late 
blight is used to illustrate epldemic de­
velopment, andi disease cont, c proce­
dures are emphasized in scenes of com­
mercial potato production. 
Fur inure iifrniationt, contact the 

Cornell Audio.Visual Resource Center, 
8Research Park, Ithaca, NY 1480. 



Gel Planting-- A Rising Tide
 
'Gel seeding' or 'fluid drilling'
 

of pre-germinated vegetable seed
 
is now an established practice.
 
But it is only the beginning of a
 
tide of uses for the water gelh..,
 
or 'Super Slurper' products in the
 
overall planting picture. 


Gel transplanting, gel overlays
 
for precision planted and other 

dry seeding, gel seed coatings,
 
gel modified soils, gel packing of
 
bare root plants, etc. are coming
 
on fast. It's not only in vegetable
 
production but also in row crops
 
and small grains, pastures and
 
grasslands, forestry, green­
houses and ornamental horticul­
ture.
 

"Anyone equipped to gel seed 
pre-germinated vegetable seed is
 
also equipped to gel seed non­
germianted seed," says Dr. 

James E. Motes, Horticulture De-

partment, Oklahoma State
 
University. "1do all my vegetable 

seeding in gels, pre-germinated 

or not." 


Dr. Motes began working with 
gel seeding at Michigan State 
University with Dr. Hugh Price 

and has continued developing gel 

planting techniques since moving
to Oklahoma. He , lke Dr. 
Price, one of the leauing authori-

tie onthe subjec in uthonitd 

ties on the subject inthe United 

States. 


Gel Transplanting Is Bigger 

Already, gel transplanting is 
more widely practiced and grow-
ing faster than gel seeding. 
Tobacco seedlings, all kinds of 
vegetable transplants, fruit trees 
and vines, forest trees and orna-
mental nursery stock are all being 
gel transplanted. 

No special equipment is needed 
for gel transplantirg, just a con-
tainer in which to mix agel slurry 
and dip the plants. A gelled water 
slurry is prepared to a consistency 
that will cling to plant roots. 
Then, bundles of plants or 
individual plants are root dipped 
into the slurry and moved on out 
for transplanting. 

"Every bare root transplant 
should have gel on its roots," 
says Ted Whitmore of Millei 
Chemical & Fertilizer Corp., whc 
has spearheaded ',:velopment of 
their water gelling product Liqua. 
Gel tin. 

Reprinted From The Great 

CRY SEE ED 

T O A T E S 

Dry seeded tomatoes are shown planted both with 
and without a gel overlay. The advanced growth 

resulting from the gel overlay can be observed. 
"The gel protects the roots Gel Seed Coating 

from drying while they are out of Coating the water absorbent 
the ground, then puts extra product onto seed is another 
moisture holding capacity into the planting tool that is taking off like 
soil, right around the roots where a great big bird. All kinds of seed 
it is needed. In the soil the gel from small vegetable seed to 
particles will continue to give and large farm seeds are being 

take moisture for more than a coated, first with a tackifying
year before bio-degrading. material or a regular liquid seed 

"In dry soils even the root balls coating (generally in soybean or
of container grown plants like cottonseed oil) then the dry gel
Speedlings6 are being dipped powder is added as the seed are 

with excellent results, It is a bit being tumbled. Water carriers 
aggravating but not as aggravat- are no good.
 
ing as re-planting. Originally the gel coatings were
 

Ron Campbell in Wisconsin expected to improve seed 
says, "After root dipping my germination and crop stands 
transplants inLiqua-Gel slurry, I when plantings were made into 
can leave them on an open truck marginal moisture situations. 
all day without the roots drying Available moisture would be ab­
out. This alone makes the gel sorbed by the gel particles and 
worth far more than the little held tightly against the seed to 
extra cost and effort. $6.60 wortl get them imbibed and growing. It 
of gel will make enough slurry tt works well. 
dip 8 to 12,000 seedlings so the "In our Liqua-Gel testing we 
cost is really nothing." not only got a better stand, but 

"The gel in the soil also gave earlier germination was an 
me a tremendous increase in obvious bonus with most of the 
survival when we failed to get seed tested. Many crops were up 
rain for almost three weeks after 2 to 3 days earlier, some even 
planting," Mr. Campbell adds. earlier," Ted Whitmore reports. 
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"What would happen in wet 
soils was the next obvious 
question: We got our answer in 
several areas in 1981. After 
planting our seed treated with 
Liqua-Gel the rains came and we 
had adequate to excessive mois-
ture in the same fields with both 
treated and non-treated seed 
planted side by side. The treated 
seed still came up earlier, the 
seedlings were taller and more 
robust and had better root de-
velopment. The only thing we 
didn't get was a better stand, 
they were equally good. 

"The gel is definitely not a 
problem in wet soils, if anything it 
is an advantage," Ted adds. 

Gel Overlays on Dry Seed 
"So why not gelled water 

overlays for dry seed? The effect 
of extruding a stream of gelled 
water directly onto seed before 
they are covered in precision 
planting should be the same as 
fluid drilling non-germinated 
seed. 

"It has worked out exactly that 
way," Mr. Whitmore continues, 
"Conditions are just right for the 
seed and the results are spectacu-
lar; quicker germination and 
stronger plants get off to a better 
start." 

"No special equipment is 

necessary for applying gel over-

lays, lik,- the squeeze pumps that 

are essential for pre-germinated 

seed. A clean tank, a PTG pump 

-rid connecting hoses - or even a 


gravity feed system and you're in 

business. A squeeze pump is nice 

but even a centrifugal will do. 


Not Without Problems 
Like anything else the water 

gelling products have some prob-
lems. But fortunately, not many 
have appeared or been too 
serious: 

1) Dehydration by minerals in 
water: As the ion mix and con-
centration varies in waters, so 
does the amount of gel it takes to 
achieve a desired slurry density. 
This means that each source of 
water is a variable and only guide 
line recommendations can be 
given on use rates. 

For instance, 1 lb. of Liqua-Gel 
tm or 3 lbs, of Terra-SorbO in 30 
gallons of most waters will make a 
pretty good slurry for fluid drill-
ing or overlaying. But some 
waters will require more gelling 
material and others less to 
achieve a working density. 

2) Dehydration by fertilizers 
and other chemicals: As nu-
trients, hormones, and other 
additives are introduced into the 
slurries, more gelling material is 
often needed to maintain a work-
ing density. 

3) The irorganic colloidal gels, 
such as Laponite v , vary in gel 
density as they are stirred or 
jostled during field uses, which 
tends to give somewhat variable 
appliration rates. This is not a 
problem with the starch-graft-
polymers. 

Research and Development 
work is ongoing to overcome 
these problems as well as to 
improve existing uses and find 
new ones. 

Occasionally the question is 
raised, 'IF soil conditions be-
come excessively dry, will these 
materials reverse and actually 
take water away from plant 
roots?' Dr. William Doane of the 
USDA at Peoria, Illinois, lays that 
one to rest, "Not on a practical 
basis. The purpose of the 'super 
slurper' is to hold large amounts 
of water available to plant roots. 
By the time the moisture is 
depleted to the 3 or 4 percent 
level where reversal might occur, 
the plants would have long since 
been dead without the 'super 
slurper.' 

A Tide Just Beginning 
The use of the starch graft 

polymers is a tide of the immedi­
ate future which is just now 
gathering momentum. They are 
economical, the benefits are good 
and the problems minimal; a hard 
combinat-on to beat. 

Research and development pro­
jects are finding more and more 
of the answers on how to best use 
the gels and gelling products. 
Several commercial companies 
are diligently seeking and finding 
both answers and new uses for 
their products. 

In addition to the continuing 
work by Dr. Hugh Price and Jim 
Motes mentioned earlie?--a 
number of other University 
workers are grinding out more 
and more answers. Workers like: 

Dr. Dan Cantliffe at the Uni. 
versity of Florida, working on 
potting soils and grr vth stimu­
lants for use with gels. 

Dr. Herb Bryan, Homestead, 
Florida, working with gels in 
various planting systems and 
techniques. 

Dr. Richard Arteca at Penn 
State, working with growth stimu­
lants and anti-transpirants with 
and without the gelling com­
pounds. 

Just to name a few. There are 
many more researchers in Uni­
versities and the USDA doing cx­
cellent work as well as a number 
of consultants and private 
workers. 

Thanka to the USDA 
But, wc must say thanks to the 

U.S. Department of Agriculture 
team at the North Central Re­
gional Research Center, Peoria, 
Illinois, who originally discovered 
the starch-graft-polymers (SGP's) 
and who continue to monitor their 
development. 

Dr. William M. Doane and his 
team originally named their 
product 'Super Slurper' and have 
helped introduce them into many 
industrial as well as agricultural 
i'ses. What their final destiny 
might be is a story now unfold­
ing. One thing is certain, they will 
be very widely used and very 
important tools in agriculture. 0 



Terra-Sorb,Protectionfor Bare Root Stock !
 
NURSERYMEN are well aware of the 
increasing deriand by latidscapers and 
local authorities tot arnp:e protection of 
bare root stock to prevent drying out 
during transportation and prior to 
planting. Research has confirmed that 
losses and reduced vigour can be due to 
drying out of the roots. Container plant
producers and garden centres are all too 
conscious of the amount of water 
iieeded to keep container compost 
moist and how difficult it is to re-wet 
after drying out. Customers buying
plants remain uncertain about how 
much water to apply, or how often, to 
ensure fast and certain re-
establishment, 

On production nurseries watering is 
the most important operation and often 
is the one causing greatest concern, 
The almost total swing to peat or 

.peat/bark composts with slow-release 
fertilisers demands constant availability 
of water to promote optium growth. 
Nutrieit uptake, root development and 
plant growth all depend on water and 
growers know it, but all too often 
irrigation equipment is less than 100 
per cent efficient and dry plants result, 

There have been additives around for 
some time that claim to improve water 
retention in the compost, and some 
pfoprietary brands have quick water-
;9,,1rohtrig properties. British 

iJrselyinen, however, tend to shy 
away from anything that adds even part 
of a per cent to the cost of production 
unless there is proof that it adds to the 
yield or the asking price for the plant. 

A new product recently introduced to 
the U.K. from America where it has 
been gaining steady support over the 
last three years is Terra-Sorb, a 

concentrated polymer capable of 
absorbing hundreds of times its weight 
in water very quickly and acting like an 
insoluble sponge that does not change 
the nature of the moisture it absorbs. It 
is a dry gelatine-like crystal which when 
added to a compost or growing medium 
holds moisture and releases it over an 
extended period. Expansion of the 
particles in contact with water opens up
the compost structure; water 
extraction returns the Teria-Sorb to its 
unswollen state and increases the air 
spaces in the compost, it is claimed. 

Technical data refers to its quick and 
easy dispersion in liquids; neutral pH; 
being unaffected by heat at 300 deg.F; 
capacity of reabsorption; and its 
claimed biodegradable non-toxic 
characteristics. Ideally, mixing should 
be with compost med:a in a relatively 
dry state. Terra-Sorb basically appears 
to have considerable potential and 
deserves trialling by the trade and 
experimental stations in the UK under 
UK conditions for the production, 
transportation and transplanting of 
nursery stock and young plants. Local 
conditions and techniques will affect 
the results, and inevitably the use of the 
material would incur change,

Principal uses in America are durithg
shipping and handling of containers and 
bare root nursery stock. Treatment of 
bare roots with Terra-Sorb gel (one 
pound in 20 gallons of water) is said to 
be twice as effective as peat in terms of 
available moisture by weight of water, 
Forestry seedlings have been shown to 
benefit from gel treatment and one 
pound of Tcrra-Sorb will treat up to 
10,000 seedlings. 

Transplanting of all types of nursery 

stock is improved when ample water is 
available to the roots. Terra-Sorb at one 
ounce per foot of root-ball diameter 
sprinkled into the holes and puddled 
around the root zone with two or three 
ounces per cubic foot of backfill 
ensures increased moisture availability 
over an extended period at a cost of 
about 20-30p per tree. Nutrient leaching 
is claimed to be inhibited but only trials will 
tell. 

Dipping of small plants, vegetable 
and bedding plant linisplants in a Terra 
Sorb gel also increases water retention 
in the root zone, say the Americans. In 
landscaping the possibility of planting 
with the knowledge that Terra-Sorb 
treated plants can go up to three times 
as long as untreated plants without 
watering has led to its growing use as a 
standard application by convinced 
landscapers. Large-scale hydroseeding 
and hydromulching has been another 
American application, and where Terra-
Sorb has been used in lawn seed 
dressing and pre-turfing application 
result are reported to be improved. 

Other applications suggested include 
reduced frequency of watering of 
indoo; plants and hanging baskets; in 
propagation; p:e.planting treatment of 
flower beds and new lawns, and for 
poting-on in the greenhouse. Cost 
(at under E2 per pound) will partly 
determine the commercial future of 
Terra-Sorb in the U.K. and the user 
must weigh the product cost against 
the saving in labour for watering land 
the saving of water itself) arid possible 
stock losses through drought. Importers 
and distributors of Terra.Sorb are 
Martin-Golod Products Ltd., Maybury 
Gardens, Willesden High Road, London. 
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INTRODUCTION TO A NEW TECHNOLOGY
 
SUPER-ABSORBENTS 

Super.absorbents are a new group of 
wonder products that deserve the 
attention of gardeners and 
horticulturists in all parts of the 
world. These absorbents are capable 
of storing several times their weight
In water as a gel, holding It available 
for plants and at the same time 
actually increasing soil aeration and 
improving drainage, 

compoundsThese sponge-like 
originally were developed by the 
U.S.D.A. Northern Regional 
Retzarch Center in Peoria, Illinois, 
and although they are now available 
in several different brand names, all 
actually are composed of a 
man-made acrylic compound 
chemically grafted to cereal grain 
starches. Theie powders, which In 
their dry form may look something
like slightly off-color dry milk or 
wheat germ depending on the 
product involved, can absorb from 
200 to 5,300 times their own weight 
in water. 
Thus far, most of these proJucts are 
available only to nurserymen and 

other professionals, but they are 

marketing TERRA-SORB so It will 

be available to the homeowner 

through retail markets. 
 A 
Water is fundamental 
to all plants, 
TERRA-SORB absorbs and stores 
plant available water, releasing it to 
the plant on demand. To gain an 
understanding of how these particles 
act to absorb moisture so efficiently, 
we can consider a simplified
molecule of the material. Each 
particle or molecule can be 

APRIL MAY JUNE 1982 
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considered as having two main 
'parallel' groups of atoms. These 
groups are poribdically joined by 
connecting cross-links like the rungs
of a lidder. 

When water comes into contact with 
a super-absorbent an electrical 
repulsion takes place causing the 
main branches of the molecule to 
repel each other as the like poles of a 
magnet. When this happens, water is 
drawn between the branches 
resulting in a rapid swelling of each 
particle. TERRA-SORB remains 
effective through many swell-shrink 
cycles. In the growing environment 
the super-absorbent remains effective 
from aperiod of about six months to 
several years. 
Oxygen depletion or carbon dioxide 
build-up in the plant root zone is 
harmful or fatal to a plant. When 
super-absorbent particles are present 
in the growing media, they will, upon 
absorbing water, expand to many
times their original volume. This 
expansion opens, and exercises the 
growing media by forcing soil 
particles apart, INCREASING 
AERATION AND IMPROVING 
DRAINAGE. Once these particles 
reach their maximum absorption, 
excess water flows freely over and 
around the particles as it would flow 
over a saturated sponge. PLUGGING 
OF THE SOIL IS NOT, 
THEREFORE, A PROBLEM.
 

Continued on pae 22
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NEW TECHNOLOGY ... 

Continued from p. 11 

The combination of ideal water 
availability combined with good
aeration promotes faster growth and 
minimizes the danger of root rotl 

i iswater 
that freely moves through the soil 
duo to the forces of gravity. This 
water cannot usually be used by the 
plant because it rapidly moves out of 
the soil. 

. .. ... water 

IL #A iswater that 
is held very loosely around the soil 
particles. The water is held by
cohesion (attraction between like 
molecules). M'iost of this water is 
available to plants. Capillary water 
can be considered as being in the 
form of a thick film around the soil 
particles. The water moves to the 
point of highest tension (lowest
pressure). The root hairs create a low 

pressure and are capable of drawing

moisture until the attraction between 

the soil and the water molecules 

exceeds the attractive forces of the 
roots (permanent wilting point). 
......R is water 
held in the f very thin film 

holormai he aver thn flmaround soil particles. It is not usuallyavailable to plants. 

When super-absorbents are mixed 
into the growing medium, the 
material absorbs gravitational and 
capillary water. This water is held In 
a form that can be readily extracted 
by the plant root. 

TERRA.SORB can be 6pplied In a 
variety of ways, such as: 
1.Distributed evenly in a hole prior 

to transplanting.
ohrgoigmda2. Mixed directly into the soil or 
other growing media. 

3. Applied as a gel to plant roots. 
4. Used as a media for gel ieeding.
6. Used in hydroseeding applica.ons.
6. Broadcast over an area to be 

eaded.7.Applied as aseed coating. 

For transplanting klrgerplants
TERRA-SORB is sprinkled evenly 
Into the hole prior to setting the 
plant. One to two ounces per feoet of 
root ball diameter is recommended, 
The hole should then be filled and 
watered inasusual. 
Media for bedding flats, potted 
plants and other applications can be 
treated with TERRA.SORB by 
mixing in the TERRA-SORB at a 
rate of about two pounds per cubic 
yard of media. 

Smaller plants may be transplanted
and shipped with a gel slurryconsiiting nossigo of TERRAeSORBTRASR and 
water. About four ounces of material
should be added to five gallons of 
water to form a thin slurry that will 
adhere to the roots without totally
covering them, to avoid cutting off 
aeration. 

Continued on p. 24 
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NEW TECHNOLOGY ... 

Continued from p. 22 

Interior plantscapers are using 
super.ab;crbent-amended soil mixes 
to reduce their watering schedules on 
indoor plantings, and with a little bit 
of experimentation, a vacationing 
house plant enthusiast or patio 
gardener could have his vacation and 
still keep nis peace of mind knowing 
his plants are all well watered. 
indoors, plants grown in amended 
soil may need water as seldom as 
once a month, and wick.watered 
plants or those grown in self-watering 
planters will need water even less 
often. Either repot house plants with 
amended soil or mix some 
super.absorbent with water to form a 
loose gel and plant plugs of it 

directly in the pot. Plant roots are 
able to extract water directly from 
the gel, and rooted cuttings actually 
can be kept in super-absorbent gel 
alone. The roots act as a check valve 

and allow water to enter the root but 
TOnot leave it. DO 	 NOT TRY 

in this manner,ROOT CUTTINGS ofin the absencesincehowever, 
roots, the gel can pull water out of 
the plants. You can, however, grow 
unrooted cuttings in a soil amended 
with super-absorbents, 

wter can mixseedswihbrge 
water and pregerminated seeds for 
gel seeding applications. Special 
planting machines plant the 
pregerminated seeds which are 
suspended in the gel mixture. The gel 
protects the seed and provides a 
source of moisture for the emerging 
plant. 
TERRA-SORB can be broadcast over 
an area to be seeded to enhance 
moisture retention, promote 
emergence and increase germination 

by providing the seed with a 
'moisture reservoir'. 
These water absorbent polymers are 
compatible with all species of plants. 
They do not affect and are not 
affected by the pH of the soil or 
soilless growing medium, and, in 
their dry form, they can be stored 
Indefinitely in a moisture-proof 
container. 
For long-distance bare-root shipping 
F e bar-o p 
the application of a TERRA-SORB 
gel to the roots of seedlings not only 
provides moisture, its use also 
reduces shipping costs. 
Advantages that TERRA-SORB 
provide: 

Increased survival 
Increased rats of growth 
Increased shelf life 
Increased germination 
Increased efficiency of water use 

Reduced transplant shock 
Reduced cropgrowingtime 
Reduced chipping costs 

Obviously a product with all these 
characteristics could be put to an 
almost limitless number of uses in 
the garden. Explained in this article 
are only a few of the many uses for 
super-absorbents and scientists, 
horticulturists, landscape contractors 
and home gardeners will 
undoubtedly discover more as these 
products become better known. 

NOTE: For further information on 
obtaining this super-absorbent, please 
see inside back cover. Commercial 
growers wishing further statistics on 
TERRA-SORB and its benefits in the 
large-scale growing and shipping, 
please write the Editor for full 
report. , 
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versatile 

FLOWER & GARbEN MAGAZINE 

• yard ard 
garden tool 
you can own! 

A new tool for gardeners 

IW 

SfJPER~ 
SOUr, 

A 
finrtip control 

SChandriven,carbon 

Super Slurper is a 
(hydrophilic) compound 
portance to gardeners. 

Byi Dr. Jim A. Alston 
water-loving biodegradable, and will last approx­

of rising im- imately six months in the soil, depend­
ing on conditions. 

4"' 

J, Rgular 

price 

5139 

0 Rugged h,,pelectric 

molar ya 

lightweight and Quiet 

For a 
,!mltodI 

MODEL 

The compound is a starch derivative, 
having synthetic polymers grafted to 
it. Chemically, It is identified as 

, "hydrolyzed starch-polyacrylonitrile 
graft copolymers." The U.S. Dept. of 
Agriculture did the initial work on 
super absorbent compounds, of which 

At first, the super absorbents were 
added to soils in very arid areas to in­" ""~rul 

crease their moisture-holding capacity. 
Since the early 1970's, many other uses 
have been found for this group of com­
pounds, including medical bandages, 

pet litter, and horticultural applica­

., r,, , 

Master Charge, Visa and C.O.D. Orders Welcome 
To order by phone call 1.417.532.9151 
or send check or money order to: 

Garden Maid Inc. 
P.O. Box 912 Leb~anon, Missouri 65538 

Return for lull refund within 10 days, 
11 no, softIs. 

Split 'erli Fast 
WITH THE SOTZ MONSTER MAUL 

2 
$•'~*'~'~' 

(delivered U.P.S.) 
Included In price

0 Split most logs In 
one lick-won'l

Ick. 

Super Slurper is but one of several cur-
rently in the trade. Private companies 
have followed up with more research 
and marketing efforts. 

On contact with water, the Super 
Slurper particles sWell and absorb 

water until saturated, The material 
does not dissolve. The swollen Super 
Slurper particles will release water to 
their surroundings, such as the soil or 
air, and then when wet again will ab-
sorb water back to their saturation 
point. 

The amount of water super absorb. 
ents will hold depends largely on the 
manufacturing process, and on the 
quality of the water. They come as 
light-colored flaky substances, or talc-
like powders. The powders hold more 
than flake types, but decompose faster. 
One gram of Super Slurper, a powder 
type, will hold about 80 grams of a 1 
per cent saline (salt) solution, or about 

tions. What we will hp concerned with 
here are the horticultural uses. 

Rates of application vary with the 
uses, soil types, water quality, and 
purity of the Super Slurper. Rates that 
are mentioned are general and should 

be considered as such. They are based 
Continued on page 6 
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to years. 
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1500 grams of distilled deionized water,
The super absorbent compounds are 

*AnoLher, named Terra-Sorb, is available 

can absorb up to 
weight of water 
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4 
in gardener sizes (4 and 8 oz.) from TPrans.,.:"
Continuntal Energy Saving Products, 80
East I lartsdule Ave., Dept. FG, Hartsdale, 
N.Y. 105310. 
W

Super Slurper is sold under that name by 
Wayside Gardens, Dept. IG,Hodges, S.C.29695. pt og,. A'. 
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Atlarund, 
easIest hond split.
t. mode o, yourmoney back, 

A product called Water Lock is listed by
Ivellilnger's, 2310-FG W. South Range Rd.,

N. Lima, Ohio 4,1452.Viterra 2, Aqua Stor, and Perma-sorb are 
4A 
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other names reported for products of thistype, and may be found in various retail t' : tlr''.-' 

local outlets. 

;31o! weight: 15Ib,. (Head-tI2 l, I 

Solt Coip. 13658 Station Rd,. Columbia sfation, 
Ohio 44028 

Dr. Jim Alson is Director of Research for 

the Gee. W Park Seed Co., Greenwood,
S. C. lie Jtas been working with superabsorbent compoutds for seuerl years. 

In preparing potting mix, add the dry ab. 

sorbent to the dry mix, then moisten it. 
The material Is shown here beginntng topick up water. mi a 
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Ask for them by name., 

For hearty, vibrant glads,
look and ask for All America 
glad bulbs in better catalogs 
and garden centers. , 

You can be sure you're 
getting the finest q ?ality 
and top varieties when 
you buy All America 

. 

Clad bulbs. . 

1982 Introductions 

.Funny Face,

Harold D.Johnson 


Valentine, 
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PO. Box 90334, Nashile,Tenn. 37209 
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77 "'wte (about 12 o -ere) n 
add a little of the material at - time,

f .,4 ' , stirring after each addition, until a 
N ,Trniform solution is obtained. First

_4 ... soak the roots of bare root plvnts ti, 
.. plain water; then dip them into the 

, per Slurper solution. Avoid shaking 
, F -the roots, so as much absorbent as 

pussible clings to them. After you 
] .. ,, " ,,] finish planting the tree, shrub, or

',. .. .a;.7,.-;" i , !" whatever, pour any rem aining solution 

the planting hole before com 
.€ .. pletely filling it with soil. 

. " Super Slurper is also used to aid ger-
One way to apply Ito established potted mination as a seed coating. Only a veryplants Is as a thin slurry, merely poured on thin layeris needed to help maintaiji
the soil. moisture around the seed while it 

sprouts. This is especially helpful ir
Super Slurper paces whr weteriay tu dr 
Continued from page 4 places where weather may turn dry 
on the talc or powder type. You. may after planting, and where irrigation is 
vary them depending on conditions not available. It is a treatment prac.
and results desired. tical mainly for those who are handling

One popular way to use the com- seeds in large quantity, as in farmingpound is to mix it with a peat-lite or the seeding of roadsides. As there is 
(soilless) potting mixture to extend the a difficult technical process involved, 
intervals between waterings. If you of first coating seeds evenly with angenerally water every day on pot soils adhesive so the absorbent will stick, I 

that do not contain Super Slurper, you mention this use of Super Slurper only
will need to water only every other day as a point of interest. Home gardeners 
on soils with it added, will be much better off to put the 

It is best to add the Super Slurper material in the soil before planting, 
dry to the dry mix, at a rate of about 1 than to try to coat seeds with it. 
ounce per cubic yard, and combine A minor but interesting use for 
them thoroughly before using. This Super Slurper is in planting pre­
special potting soil may then be used in germinated seed. In some places where 
all the ways you would normally use weather at planting time is not warm any potting mix, but you will not have enough to get good germination butto water it so frequently. . - where plants grow well once started, 

If you have established potted plants. pre-germinated seeds are used to get 
to which you would like to add Super uniform stands. The seeds are put in 
Slurper, the way to do it is to ndx a Continuedon page 34 
thin slurry and water the plants with Bare rooted plants In the process of 
it, Make the slurry thin enough to per. transplanting may be dipped Into a syrup­

thick slurry of the absorbent, and plantedcolate quickly into the soil. Although with all that will cling. It holds a cushion
not as good as mixing the material into of moisture around roots while the plant is
 
the potting mix initially, this method becoming reestablished.
 
will accomplish the purpose.' , .,
, 

To increase the water holding capac- ' e,. . ,.
ity of garden soil, add Super Slurper at 44 " ,,'.-",. 

a rate of about eight ounces (dry) per L' \ ,,','.

600 square feet of garden space. After j ' •
 
application, mix and work the soil of /J )
 
the area to a depth. of at least eight f~
 
inches. It helps if you also add organic ' , .
 

matter such as peat at this time, If I.'.
 
your soil is sandy, use a higher rate of 
 - .. ."application of Super Slurper Ifitis . 

clayish, use less. f is l.. 1,
 
A favorite use of Super Slurper is on , t .
 

bare root plants at the time of trans- ' . ," '"f" '. 
planting. It helps their performance I .: . ... " 
greatly. Make a slurry of Super Siurper ..:., . .-. 
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NECTRIA CANKER 

There are a number of closely related 
cankers, but the most common form is 
Nectria galligena Bres., a major dis-

ease of birches and all too frequently 
on apple, sugar and red maples, aspen,
black locust, walnut, oaks, lindens and 
other hardwoods. 
The first sign of this canker is a dark, 

depressed, wet area, usually on the
lower trunk or large branches. As thedisease progresses the bark falls away, 

exposing the bare wood. In late sum-
mer and autumn the canker spreads to 
additional sapwood. In spring the treeattempts to heal over the injury with aroll of new callus tissue. By the end of 
summer the fungus has killed the new 
callus and a'typical canker takes form. 

Like most fungi, this disease is 
spread by airborne spores that may 
sLu'L a new infection wherever they can 
gain. entry to the inner bark. All types
of injury are suspected points of entry 
- wind and snow breakage, frost 
cracks, borers and mechanical injuries,There is no way to provide 100 per 
cent protection. Trees in good vigor are 
resistant, trees under stress seem espe-
cially vulnerable. Sometimes cankers 

branches can be eliminated by prun-
On trunk or large branches they 

can be chiseled out and disinfected, but 
diseased wood may extend beyond the 
visible signs. 3 

Super Slurper 
. 

Continued from page 6 
water which is kept aerated until tiny 
root,i become visible. Then they are 
mixed into a slurry of Super Slurper 
and pumped through tubes of planting 
equipment into the seed furrows where
they continue to grow. Although being
used commercially, this method is abitdifficult for home owners - even 
though some may find away to.employ 

N it. 
These are the main horticultural ap-

Cyplications for Super Slurper up to the 
Other possible applications 

are probably just wadting for some im-
aginative person to think of them. g 

Good Popcorn 
Continued from page 26 

is important. Plastic bags are not 
rcommended, because most of them 
allow kernels to dry out. Prolrly 
stored in closed jars, popcorn will keep 
for several years, To bring corn back to 
proper moisture content, if it is too dry, 
fill a jar with corn leaving room for ex­
pansion, and add one. to two table. 
spoons of water per quart of corn. 
Close jar and shake thoroughly todistribute moisture. After sitting over­

nght i is ready to use. 

/ 

HOW TO 
L/ 

a0 
POP ',10 

GOODCORN "zz 

00 
r "n- 3,!'( 

The method of popping is the most 
important factor in good popcorn. Tihekey is to supply high heat (450 to 480degrees) all around the kernels. One of 
the main purposes in using oil in pop­
ping is to distibute heat. This is also 
the idea in stirring or shaking. Have 
the oil (any vegetable oil will do) just at 
the smoking point before adding the 
keriIs. If the kernels are brought all 
at once to the very hot conditions, the 
popping (resulting from steam) should 

minute, with'nearly 100 per cent explo­be completed quickly, in less thansion of the kernels. On the other hand, 
if kernels are put into cool oil and 
allowed to heat up gradually, they will 
start to pop at about 250 degrees and 
there will be many partly popped or un­
popped kernels. One half cup of kernels 
normally results in about four quarts 
of popped corn. Add salt after the corn 
ispopped, not before. Oth.-rwise, pop­
corn will be tough. It will be tough also 
if it is not emptled 'quickly out of the 
popper. 

Nutritious, filling, good for the teeth 

and for digestion, and not highly
caloric, popcorn is one of the best of all 
snack foods. In addition to eating it 
plain, you can create many other LasLy
treats with it-popcorn balls,. candiedcorn, variously flavored popeorns, pop­
corn cake. These and other recipes are 
available, free 
 from the Brinkman
 
Popall Popper Co. if you will send a 
self-addressed stamped envelope. Ad­
dress: Brinkman Popall Popper Co., 
Inc., 4544 Wanamaker Rd., Dept.JB,
 
Topeka, Kans. 66610. 
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Super Soil Moisturizer
 
Challenges Others in
 

Growing Industry
 
S s' . 

NKE ETING THE DEMAND for increased watering 
W efficiency requires employing the latest, water-

related technology. Superabsorbents represent such 
a forward step; and advance that can be readily 
applied to increase survival, improve handling, 
conserve water, promote growth, and reduce 
maintenance 

Superabsorbents, as soil amendments, are capable 
of absorbing hundreds, and even thousands of times 
their own weight in fluids. Each substance particle 
acts like an amazingly effective sponge, one which is 
insoluble and does not change the nature of the 
moisture that it absorbs. 

TT'O gain an understanding of how can be considered as having twoI these particles act to absorb main "parallel" groups of atoms. 
moisture so efficiently, we can look These groups are periodically joined
at a simplified molecule of the by connecting cross-links (as shown 
material. Each particle or molecule in diagram A). When water is added 

MAIN BRANCHES 7superabsorbent
0o--- ----0O -- -- O 
0 Z . 0 Z 
* , •• 

i) 

0 " " ----- -------- 0 TIME 
DiagramA. Each molecule has in DiagramB Top line: Treated with 
its structuretwo nainparallelgroups superabsorbents.Middle line: Growth 
of atoms, periodicallyjoined by with some stress. Bottom line: With 
(ontn('Uting links. continuous stress. 

DiagramC As superabsorbents(shown in black) swell, they force soil 
particles(shown in white) apart,opening passagesfor air and at the same 
time improving moisture availability. 
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an electrical repulsion takes place 
causing the main branches of the 
molecules to repel each other, as 
the like poles of a magnet. When 
this happens, water is drawn in,
between the branches resulting in a
rapid swelling of each particle and a 
rapid absorption of water. At 
maximum capacity each particle
will expand to over 30 times its
original volume. When water 
evaporates or is extracted the 
material shrinks, returning to theunswollen state.
 

The absorption capacity of
 
superabsorbents is affected by

acidity and alkalinity (pH),
conductivity and other variables 
that inhibit the material's expansion.
Superabsorbents having a very high 
absorption capacity (over 800 times 
their weight in water) are typically 
sensitive to nutrients and other 
ionic substances, rapidly losing much 
of their water absorption capacity. 
It is not uncommon for a 

having an absorption 
capacity of 800 times its weight in 
pure water to absorb two or three 
hundred times its weight in actualuse. Although pH of the absorbed 

fluid will also affect absorption, this 
should not present a problem in 
most plant related applications since 
the pH in the growing environment 
is normally within the ideal range (6 
to 9) for optimum absorption. 

Oxygen depletion or carbon 
dioxide buildup in the plant root 
zone is harmful or fatal to a plant. 
When superabsorbent particles are 
present in the growing media, they
will, upon absorbing water, expand 
to many times their original size. As
the particles expand, they open the 
soil media by forcing the particles 
apart, increasing aeration and 
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improving drainage. At the same 
time the high moisture along with 
high aeration provides faster growth 
and minimizes the danger of root 
rot. Once these particles have 
reached their maximum absorption, 
excess water will flow freely over 
and around the particles as it would 
flow over a saturated sponge. 
"Plugging" of the soil is not, 

therefore, a problem. 


Several firms are producing 
superabsorbents. I am not able, 
however, to cite with confidence 
specific application rates, results 
and other details concerning all of 
these products. I will, therefore, 
discuss one product, Terra-sorb, 
with which we have been working 
since 1976. It has proven effective 
in the laboratory and, most 
importantly, in the professional 
growing environment. 

Terra-sorb is used and accepted 
by the landc:cape and greenhouse 
industries. The product may be 
used in either a dry form or mixed 
with water to form a gel slurry. 

L EADING nurseries are adding 
it to their growing media to 

improve moisture retention and 
promote aeration and drainage. Some 
of the benefits are a reduction in 
growing time (up to 25 percent), 
reduced irrigation frequency (up to 
50 percent), increased shelf life and 
increased nutrient retention, due to 
reduced leaching of nutrients, 

One Florida foliage plant grower 
,r, - to us in July 1980, explaining 
His experiences with Terra-sorb. 
"I am writing to report on our 
experiences of the past 18 months 
with Terra-sorb," he reported. "We 
have examined the product closely 
in two applications related to our 
fern operation. In one'appicat' \ superabsorbents are of little value,
the material was utilized as a stb However, the cost of maintaining 
amendment in stock beds for the the ideal moisture conditions should 
production of fern runners. In a be examined and compared to the 
second use, we tested the material potential savings that could result if 
in the production of 100-inch fern superabsorbents were applied,
baskets. In the stock beds the In addition to incorporating 
product was incorporated into Terra-sorb in the growing media,
domestic peat at the rate of two landscapers and nurserymen are 
pounds per cubic yard. We ran improving survival and minimizing
control beds adjacent to the two transplant shock by applying a gel 
test beds and grew ferns under slurry to the transplant roots. About 
identical conditions of light and one pound of material is combined 
nutrient levels. After harvesting with 20 to 30 gallons of water, to 
two crops in eight months we form a free-flowing gel that will 

concluded that there was not a 
significant difference in the 
production of ferns in the two 
areas. This is not surprising since 
ground beds are very easy to keep 
keep moist. 

"We ran similar tests with 10-
inch fern baskets. The substance 
was used at the two pound rate and 
controls containing no Terra-sorb 
were grown under identical 
conditions. The differences were 
dramatic. The Terra-sorb treated 
baskets exhibited no transplant 
shock (transplant shbck is very 
common with bare root ferns). 
Watering requirements were 
substantially reduced (I estimate 
approximately 50 percent). Of 
primary importance to us was the 
sharply reduced crop time. Normally 
we expect to finish a fern basket in 
about 20 weeks. We found that with 
Terra-aorb in the potting medium 
we reduced the time to finish the 
crop to 15 weeks, a savings of 25 
percent We atterbute this difference 
to the water-holding capacity of 
this product 

"Further, we have considerable 
feedbeck from our customers 
conceining the performance of our 
plaints on their shelves. They tell us 
consistently that our ferns are easier 
to maintain and require less watering 
in the stores. 

"In summary, our assesment of 
Terra-sorb is very favorable. In 
some later tests we have determined 
that levels of the product as low as 
1/2 pound per yard are effective, 
especially in smaller containers." 

As this grower explained, there 
are conditions where applications 
of superabsorbents are not waranted, 
When ideal moisture conditions are 
maintained in the growing medium 

adhere to the root structure. Because 
of the immediate availability of 
water, transplant shock is reduced 
and survival increases. 

The superabsorbent is also 
affective for transplanting container 
grown nursery stock. About one 
tablespoon of material is evenly 
sprinkled into the hole and worked 
lightly into the soil prior to setting 
the transplant. When watered, the 
particles expand holding 50 percent 
or more water than the 
untreated media. 

TN 1980 the University of Kentucky, 
. conducted a study to evaluate 
the effectiveness of Terra-sorb and 
other transplant aids. Three 
replicates consisting of 10 sugar 
maple trees were evaluated. The 
test was conducted under the worst 
possible conditions. The plants were 
set very late (May 27); the nursery 
stock was in rather poor condition; 
the site was a slope with a fairly 
heavy cover; and the area received 
approximately 0.3 inches of rain 
from May 20 to July 1. Tr-eating the 
transplants by dipping in a.gel 
slurry consisting (f one ounce of 
Terra-sorb/gallor, of water resulted 
in a 298 percent increase in survival 

('IHAMPION International PaperCJ Company has been using Terra­
sorb for the past year to gel coat 
seedlings prior to packing. This 
frm has modified its lifting machines 
by adding a water tank and pump. 
The seedlings are coated by pumping 
the Terra-sorb gel from the tank 
directly onto the bare roots as they 
approach the packing boxes. Prior 
to using the product a hydromulch 
was employed. This was inadequate 
and proved to be a production 
slowdown. In addition to providing 
moisture, the application of Terra­
sorb improved production because 
of the increased efficiency of the 
application method and the 
subsequent reduction in 
handling time. 

Clay continues to be used as a 
bare root moisture retention media 
and is often used in place of the 
mulch that had been used by 
Champion. Even though clay holds 
substantial quantities of water, most 
of the water is not in a plant­
available form. 
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Soil moisture is held in three 
basic forms. Gravitationaluwater is 
water that freely moves through the 
soil due to the forces of gravity, 
This water is not usually used by 
the plant because it rapidly moves 
out of the soil. Capillarywater is 
water that is held by cohesion 
(attraction) between water molecules. 
Most of this water is available 
to plants. 

Capillary water can be considered 
as being in the form of a thick film 
around the soil particles. The water 
moves to the point of highest tension 
(lowest pressure). The root hairs 
create a low pressure and are 
capable of drawing moisture until 
the attraction between the soil 
and the water molecules is greater 
than the attractive forces of the 
roots (permanent wilting point). 
Hygroscopic water is water held by 
adhesion in the'form of very thin 
films around the soil particles. It is 
not usually available to plants. As 
soils become finer textured there is 
increased adhesion between the 
water and the soil particles. This 
adhesion binds the water so tightly 
that it is not plant available. This is 
the situation with clay. 

When superabsorbents are mixed 
into the growing medium, the 
material absorbs gravitational (not 
usually available to plants) and 
capillary water. This water is held 
by a mechanism similar to cohesion, 
providing water that can be readily 
extracted by the plant root promoting 
ichcnl growing conditions. 

R ECENT STUDIES at Auburn 
University indicate that Terra-

sorb can be effectively added to 
pine bark media to reduce water 
stress and increase nutrient 
retention. With the increasing price 
of peat moss the use of bark will 
increase dramatically. Four rates of 
the soil amendment and a control 
were used on an all pine bark 
medium. Four-inch plastic containers 
were filled with unamended pine 
bark, or pine bark medium plus 
one, two, three, or four pounds of 
Terra-sorb per cubic yard. Pots were 
fertilized from one to five times 
using a 200 ppm NPK soluble 
fertilizer from a 20-20-20 source. 

The weight of four-inch 
containers at field capacity increased 
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the first day of watering by 41, 85, 
117 and 131 percent (figures 
correspond to amount of Terra-
sorb added to the media). A 
subsequent test showed an increase 
of 19, 50, 66 and 70 percent. The 
difference in percentage is attributed 
to the bark not being at moisture 
equilibrium during the first test. 
However, a very significant increase 
in moisture retention is still noted. 

The use of this material to 
enhance the water holding capacity 
also increased the nutrient holding 
capacity of the pine bark medium. 
Soil nitrogen increased three, six 
and nine percent as the weight of 
Terra-sorb increased from one to 
three pounds per cubic yard. 
Generally the nitrogen content 
increased by one percent with 
subsequent waterings. Nitrogen 
concentration increased with 
increasing amounts of Terra-sorb, 
up to three pounds per cubic yard. 

rME UNIVERSITY OF 
X Georgia evaluated the soil 

amendment for its effectiveness in 
increasing water holding capacity 
and for reducing required watering 
of a soilless growing medium (Metro-
Mix 300). In addition, germination 
percents and rates of Phaseolus 
volgaris,"Topcrop" bushbean were 
compared. Water holding capacity 
increased and required watering 
decreased with increasing rates of 
Terra-sorb in four-inch containers. 
There were similar changes in six-
inch containers. 

Phaseolus volgaris was chosen 
as the test plant because it has a 
large transpiration surface area, 
and would, therefore, be expected 
to respond rapidly to changes in 
soil water content. The weight at 
the wilting point was reduced by 
eight and 16 percent for the four-
inch pots and four and nine percent 
for the six-inch pots at the 2.2 and 
3.3 pound per cubic yard rates. 

Germination in the four-inch 
containers increased from 48 percent 
(control) to 83 percent (1.2 and 2.2 
pound per cubic yard rate) to 90 
percent at the 3.3 pound per cubic 
yard rate. Germination in the six-
inch pots was not significantly 
affected by the Terra-sorb since 
the germination rate, in the control 
group, was very high. 

Superabsorbents are ideal for 
use as a seed bed amendment, gel 
dip and other uses described 
previously. Superabsorbents are 
being evaluated as seed coatings to 
improve germination and promote 
growth, as a water thickening agent 
to aid in fighting forest fires, and as 
a mulch additive to improve moisture 
retention in seed beds. 

Other applications will be 
recognized as the value of this 
technology spreads throughout the 
the industry. 

rT1HE COST for using 
I superabsorbents is reasonable, 

especially when viewed in relation 
to the benifits. Typical cost for 
applying Terra-sorb are about: 
$8.50 to treat a yard of media, 
which equates to about six cents to 
treat a gallon container, five cents 
to treat a 72-cell bedding flat, and 
one cent to gel dip 50 seedlings; 
8/10 of a cent per square foor 
sodding or hydromulching and 40 
cents for a one foot rootball. 

For the landscape architect and 
landscaper, this material offers 
control of moisture beyond the 
nursery with a substantial savings 
in water, labor and energy. The 
substance is used by leading 
landscapers and specified by 
landscape architects for: 
transplanting, sodding, seeding new 
lawns and turf, hydro- mulching and 
hydro-seeding, and interiorscaping. 

For transplanting, the 
amendment is sprinkled evenly into 
the pit and, if practical, worked 
lightly into the soil, prior to setting 
the ball, and smaller transplants 
can be treated by dipping the roots 
in a Terra-sorb gel slurry. For 
sodding, the material is broadcast 
over the area to be sodded prior to 
to laying. 

A leading landscaper in Atlanta, 
Georgia, reports: 

"In our landscaping project at 
an Atlanta condominium project, 
we used a layer of Terra-sorb 
between the ground and the sod 
that we laid. Our problems included 
many narrow spaces, extreme heat 
and sporadic watering. Our goal 
was to minimize shock to the sod 
and quickly establish a green cover. 
We definitly feel that Terra-sorb 
helped us achieve these goals." 
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In hydro-mulching, Terra-sorb 
is mixed with the mulch, fertilizer, 
water and seed. The amendment 
provides the seed with moisture, 
promoting germination. In addition, 
at higher rates of application (above 
75 pounds per acre), the material 
acts as a tacker and binder 
minimizing wind and rain erosion. 

Terra-sorb is also useful in 
interiorscap)ing. The material is 
mixed evenly into the growing media 
to provide ideal soil moisture 
conditions. The use of this particular
amendment can result in a dramatic 
change in watering frequency. 
Consider the labor savings that 
results from doubling or even tripling 
the time between required waterings.

Note that soil that contains this 
substance may feel dry yet contain 
substantial quantities of plant 
available water. Watering should be 
accomplished when the plant shows 
evidence of requiring water. When 
watering is required, water slowly, 
and thoroughly to permit optimum
superabsorbent absorption. 

Emiploying Terra-sorb is 
especially desirable for those hard 
to reach planters in hotel interiors 
and similar locations. Please note 
that we do not recommend using 
superabsorbents with cut flowers. 
Our experience has shown that 
accelerated wilting can result from 
the superabsorhent drawing moisture 
from the cutting. Plant roots act as 
check valves, and until established, 
,w,,ure can be easily drawn from 
the , itting by the superabsorbent.

eports we receive concerning
the use of this material are well
 
summarized in the words of Sara 

Groves, Horticulturist for the 

Georgia Institute of Technology:
 

"Haviag Terra- sorb is like having
 
a built in baby sitter for our
 
horticultural projects. We have found
 
that newly planted seed flats, seed
 
heds. trapsha. fl,owers and
.shitjhsa alI ll growing plants are 

andl;IIIctedwing planad n,well protected with it. In addition, 
the substance reduces labor and 
saves production costs." 

Edited from a speech to the 
American Institute of Landscape 
Architects, Las Vegas, Nevada, 
August 22, 1981, by James J. 
Quinn,President, Industrial Services 
International, fI.,fradenton, Florida. 
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RABBITEYE

BLUEBERRY PLANTS 

Plants will grow 10' - 12' tall and produce 25 quarts or more of berries. 
Excellent for home gardens, borders, or commercial use. 

(Send for) package of 6-2 year plants for $10.00 or 15 for $20.00. 
Write for free brochure & price list or phone 919-235-4664, 4662. 

SPECIAL WHOLESALE PRICES AVAILABLE 
FINCH BLUEBERRY NURSERY
 
FINC BLUEBe y NURSERY 

P.O. Box 699, Bailey, N. C. 27807 

"Home of the 
Powell Preferred 

Plant." 

* Quality Plants in Containers 
eComplete SelFection,Size &Variety 

* One Call Buy Al! 
.... 

NURSERIES INC
 
"
 

Hote 1. U S 19. South Thomasvulle,Phont: (912)226-3211 Georgia 31792 

EditorsNote: representsan interestingfollow-up to 
This feature is primarily an "Evaluationof VITERRA 2 Hydrogel

evaluation of the soil amending As a Medium Amendment" which 
propertiesof Terra-sorb,a product appeared in the October 1981 issue 
of IndustrialServices International, of GRNAMENTALS SOUTH. 
Inc., Bradentwi, Fl'orida. The subject 
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The Rolex Awards for Enterprise is an international program to provide financial help 
and special encouragement for individuals whose projects have broken new ground 

in dieir chosen fields. These projects capture that spirit of enterprise ­
which has been such a characteristic of the development of the Rolex watch. 

Here are the five akard winners of 1981 with a resume of their projects. 

A Blueprint for Disarmament -
Seymour Melman 

If global disarmament ever is to hi. ichieved. oneuivital step in the process Al ble to it nvert industrial 
economics froni military to civilian work. Scymour 

Meiman. an American Proiessor of Indir trial Engineering, has 
been expluring myriad technical, ccnonic and organizational
changes required t) make such conversions work. 

As industrial econrics vary wb;itv . Proteir M,ilnan is
forinulatlui throe represtnirat ic milttels for conversion: the 
U.S.A. and West rn Europe. ilie Socialist ountrtis. and the Ies.-
developed t untrics. 

His 1981 Rolex Award for -nterprisc .. ill enable Professor 
Mi'lnan to develop his blueprints ior conversion. 

Preserving Mexican Folk Music -
Eduardo Llerenas 

The culture if .\exican folk music is one of the 
, richest in the world. 

ItHimnver. due to the influence of TV. radi aiid 
the r.t ord player. aculture fast (hidapptaring.With 1 t ornlpaiwn;,. Mr. Eduard 1.1rena s has inimd ,oier
eight%, trips. iit,, fu. renotesi par s I .\leico in ordir to 
r,.r(,. mni par, and preser'.,'vh -unt r,s tra(tinnal sings, 

Whvr nt(tpltid. thc %:orko! Mr. l.Icrena!. will provideJ-atuaeand hv(.iY tvcord t,! tit.folk m'u,, fN.ItCX1L an 
1981 R,ix .ld for Enterprise %%lhulp Mr. .rcnias 

to c rnplo h i %l;tiilih tiw ertak ng. 

.th eEach 

Milan irkovic 
NIr Milan ir ova h'. devis,.d anivi irriga-

mdntaltion mi-.h,,d fr r th gv (ioftie ip,:pb,,ink huih.
i TIhe )iijob nut cittains ;mi oi h I! almostidentcal improperties to sperm whale i, and theihorem (omild 
bcmnm a commercial alt'rn;ive to ,pvrii .vhale slaughter.

Ho1wever:it ,inly Ma .alirkwmvu" t ' 'is a water. ,'h "r~'t .u, -'d-1ftanIr. f.l!,..ldemonslratedwitlh t:rh ;,ndJ , f~q ,fd 	 truivtruly outstandingoutstanding 
itso,;iiwe.mt , water. lius drainat 'allv reducing Ih, c,t if enterprise. 
irri~alion) wii n may rnake he ,ultivatin if the pijitia a cotu­
niate possibility. Mr. 1981mercial .MirkoviL's___nd__,____,_ 

Enterprise sho uld help in saving the spe-rm 

;; 


. . .. .for..... 

4	To Save the Snow Leopard -
Rodney Jackson 

In the snow-covered Nepalese Himalayas lives 
the elusive. endangered snow leopard.

Mr. Rodnev Jackson. a wildlife biologist, plans 
to capture ive several spucierib of these magnificent crea­
tures and (ollar them with radio transmitters. Very little is 
known about the snmw leopard, but we do know that it i:res 
alrif-st certini extinction as man encroaches upon its habit.t. 

.\r.Jacks,on's 198! Rolex Award for Enterprise will exp;ad 
our knwlcdg' of th snow leopard and its environment -nd 
help ',ave a beautiful spetc; from extinction. 

Re-fertilizing the Earth -

Andre Martin 
All over tie world, vast tracts of fire-damaged 

land lit. waste. To return land such as this to its 
orignal feirtility is the aim Andre Martin has set 

himself. The undergrmtih, brushwoomd arid scrub, the nnlythings which will r,,w (In such land. are cleared and converted 
int an organilcall rich cnmpiot. 

In ai !uccessful experiiment in France. twenty 
desohate acres have l,,.:n retund ' -ccessfulUitsing this itEhod. 

fli 191n, .ard hr Enterprise is rewardMartin's trul% i rtih inia tinatm n. 

previously 
cultiva:in 

for Andre 

of these five winners has received 
50.000 Swiss francs as a contribution to the ful­
filliment of his worrk. Fach has also received a 
specially inscribed Rolex Oyster as a tribute. 

The 1981 Rolex Awards for Enterprise: Help
and encouragement to those who have 
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IFhDERAL REPOK 
D Finds Nothing Exceeds Like Success
 
ly Cass Peterson 
*iifnw. Pts,,,,,w,r .hames .J. Quinn thinks he has a Te r ' 
)ea problem to envy, hut better mousetrap, hut he (hofsnt 'T iUa ir i 
/ IOr International Devel- expect the world to heat a pat h to 

having a littlfe trouble his door. lie wold, however, like Sees Bonanza 
iiceSS. alittle hell) beating a path to the 

t ft AIlDs dilem'il ifa world's door. As a resuit of contact, made 
uental prigram it helped Quinn, president it' Industrial during, the exhibition, Quinn's 

il n(. rkelinS tlenilier in Ziinhaia 1 v. Servic S 1it('rlio I (if firm is working on an , 

(I a technoil gy ixhibitiiin, iradenton, Via., was anong tte! igreereot.4 with three firms in 

\II) play inatchimker be- American businessmen who went Zimbabwe anti two in Soutih Af-

to Zimbabwe last September at rica. Crates of Terra-sorb left byentrepreneurs and poten-
.iin the Third World. Agency fur In-the expense of tile ship last month for Africa. 

aIis tliat U.S firns get ternational Developme'nt. There really isn't much new 

s, which create jobs here, All) was experimenting with about 'rerra.sorb, a starch poly-
like 	coarse saw-leveloping countries get ways to transtir technology to mer that looks 

Third World countries. Quinn was,- dust. The Agriculture. Departmentthat ianllhst ak. (.dltur. 
ti,n and crate jobs looking to expand the market for devwl'oped the technology more 

th gns are s,liliv iltil( his produict: 'l'erra-sorh, a sipier- than Illyears ago. (overnment 
;,)il additive thai cap- scientists, intrigued by it.s abilityiiiuni'trtiioo', ills. ahsirent 

niiiii ll'i i, . tir s mrid hohlds nuiistiri, where th, s.ik lp hundreds of times its 
raest iwr ,air-;llvil w ploii 41 11ti own weight in it ' 
raves iiiailiDwt., tb All) is still evaluiating its exper- per slurper." But tiletechnology 

on ice at AID. The prob- irrent, but Quinn is ready to issue sat on the shelf until Quinn's firm 
floy exhibitions are a irt his opinion: "It wis anl absolute saw its practical potential. 
fairs. And tradefirs are success. No questii about it." What the product does is holdAll)'s job de~cription.uc,. oqetol blti. 

inagency can justitv an 
I nnder :' slative
 
I help "- , ver'urcs and over-was manufacturing now expected this week, and officials
',l ­
i, , :,.; and agirments tihat familiar with its drafting say it willi;ilil marketing 


r i-ii l i .,v int tit coulul create jhs it the IUnited be- pw itive.
I%. 
tae tortl !I,tt t 'Ilnr'i, States anud Africa. lut pinion diffen within the 
Sanli hiti' i-ifi,.c In all. in'-ording to iapreliminary agency over whether a iuccS. it) 

Iriitt. i.u.r evaluation Zimbabwe ought to have any bearingii C'iimni-re by AI)'s project officer. 

;0y. I1 IS, ,i ing t,,a "businecs arrangement.s marlci within on the issue. A memo from an ofti-

;il aid', al (If "iltl h". the I.S. pavilion ranged from $4 cial in AID's Bureau of Private fi-


war '.itd l, , [inlliinj to $Ii milhai. ''here is i- terprise warned t hi. Near lEast riis-

IJdid is r,'I;tli~vv '.iiihle tntial for the final figurotri uh- sion to lay off the Manila prorpsal, 


ii i gil i, 'il i :itiailly exceed thl, amtinount." office not
' ta. 	 saying his "',,i.-iIK'elr-ve 
I.ciontrihutii i and a lri- In a cable to the State Ipart- that support of 4ich an activity rep-

itir, the i;w;ni,v mnnt altr the Zimhahwe event, resents the kind of priority
pit ti, which 

tmc.ilo.I ivi1i1 ttlir, in use limited1 t, I . IIoAll ()!lll,'doullgou said would jtUStify of its ri­
,'vilh'iuiniit TIi', n'nihgy Ut iper V,,lta's represi'niatives were sources." 
1a1t Septunrnr in lu. "delighted .... instead of the giant Otis told the hearing that the 

,hahwe. corporations they had expected, they memo reflected one official's confu­
,pavili,,n, ablout 10 U.S. met with 'small- and medium-sized' sion about the difference betwean a 

,yed a ,morgasbord of the firms promoting technologies appro- trade fair, which is Commerce's turf, 
ruunterttilture gadgetry priate to the African environmenL" and a technology exhibition, which is 
he fiuid as "appropriate The Near Fast mission of AID within AID's bailiwick, 
''Ther' wr'ru' windmills, ,himed in enthusiaslically, sUggetl- At the same hearing, Commerce 
: mt
'stivu, . 1i rtlrn, ing i sniilar effor. tIr an upcoming aides ackniwledged that All), with 

ind leeliivu. tuchnolhigy lair in Mila. itanetwork of foreign missions in 
iit:i wvre uuut liw s,,rt lit in a recent I Iiis. Small Busi. developing countries, is much betterot' 


moisture in the soil, where plants 

can use it, rather than letting rain 
run off or sink to the water table. 
The Bradenton firm sells tons of 
itnow, to plant nurseries and 
other horticultural operations, as 
well as to cemeteries. 
The firm is experimenting with 

'errasorb 4eed coatings as a way 
to improve germination rates and 
give tender seedlings a head start. 

Quinn's company says the 
product has great potential for 
helping developing countries in­
crease thei" food production, and 
he says he's eager to start a man­

fifacturing plant in southern Af­
rica with African employes. 

"It's a whole lot better than just 
pum ping money into those voun­
ries," Quinn salI. "And most of 
lieIm aren't interestiI in having 

another Borden or Dow sitting in 
the back yard." 

-Cass Peterson 

small business. They do not focus in 
on development technology." 

Rep. Berkley W. lMedell (l)-Iowa), 
chairman of the Small Business sub­
committee that explored the issue in 
December, was exasperated at what
 
hece d a eaucratc atgwat
 

he called a m"bureaucratic
nightmare"
 
of missions and mandates and agen­
cy prioritie. ! have to t1lyou I
 
think our policies are just absolutely
 
crazy," Bedell said.
 

* CPSC majority sends warning
 
on agency's budget-Page CI
 

* Leahy asks the White House to
 
review the role of agriculture assisl­
ant secretary in stock fraud case-

Page 	A3 

Civil rights lawyers ask c'ourt to 
overturn Reagan ndministratifn'? I.I 

( I ,, ii. , iiiiil Io'ss .iit'iiunmitti',' ,,li'ring,Kirb ori lt puttin g 	 ine -I,-.... &r . # I ,I i on events like the o in 
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k. Questions Most Asked About Terra-Sorb.
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SEE FOR YO ELF!
 
Sprinkle one teaspoon into a 
2 oz. glass of water. Next, 
watch as each insolluble fli~eC 
absorbs hundreds (f times its - ---.----­

*weight storing avaifable mois­
ture for plants arid reducing 
water use dramatically. " 

.why 

ONE PJUN, iOF TERRIA.SORB ABSORBS 20-25 GALLONS OF PLANT AVAILABLE WATER. 
I-1O W IT WORKS 1M.ANY USESVhefl miyc.d ;Wc!Ite ,,,, riwklia e, ch t;nv oa rti-We ofllk :'I oli NURSERY FARMING.n.y LANDSCAPINGcle of 1.rr a-..r - a,'t.. ,k-, an r zncly f'e tA
 
sponge which w'il (,Yp.31 t ')%vCr ihfrltly ins isENU
 
originlid vo!ume. lerra- orb , . will r.,; cnalie he G E E N6USE
 
nature cf -tur" Whet, E Sodding ; Transplant diptiie .bsoib:,. waler Propaqatiic 

,ivap:rat" o: ,t, acir ,0u, err-Sori'l. the 1z Transplanting it Hanging bzskpts L Seedcoating 
mnteriai return!,toan UII.'wAl~le lal.ir,:r :ingthe lHydromulcihing C Eeddino plants C Plug mix 
aii pfre ,pacr, ir, tl s thereby increasing Iz Hyaioseeding I3 Gare rcot shipping . Fluid drill'rig
Peralin. Wher: wat-r 1 :. ~in ntoduced, Terra- media 
sorb ., will re- sw ill. 

Plants grown wih Thrra-Sorb amended media can reach saleable size up to 30% faster! 
Ter-a-Sorb increases 'he water-holding capacity of any Terra-Sorb promotes more unifomi plant growth in hard
 
scil mixture w-ithou! ceusinq uver-watering problems, to maintain patio po ts. windo'- boxes, hanging bas-

Excess wler ;l,a',s freeiy over water swoilen Terfa-Sorb kets, etc.
 
paricles -..' itwoIld /ow o%,or a saturated -'ponge. Terra-Sorb act, as a 'taty .ter for plants extending

"lerra-Frb was dc)veoped ,o cundi;ion any planting the period bet'.,,en w&zlerings. Kef-os; plants fresh while
 
media for better wa!er -ontrol It releases the right you vaca3tion.
 
amoun! of water a! the 'ijh !it Terra-Sorb improvs c.'r-, and drainage of gro~vqng
 
"erra-Sorb reuc-e,; walering n-eeds. media.
 
Terra-Sorb hp!ps prevent trarnspknt shocK. Terra-Sorb reduces media rcquirermanis by 10% to 15%
 
Terra-Sorb provides for henlihier root systens, resulting in snall containers.
 
in healthie.r planis. Terra-Sorb is easy to use.
 
Terra-Sorb speeds plant growth.
 

Terra-Sorbl ; is a product of Industrial Services Internationa,, Inc.
 
For further information or to place an order contact:
 

Terra-SorhL is a gelatinized, starch-hydrolized polyar rylonitnie graft copolymer using potassium r'/droxide. 
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INTRODUCTION
 

TERRA-SORB is a material that will increase crop

yield, reduce losses, conserve water, reduce labor
 
costs and in other ways benefit people in the "green

industry". Farmers, foresters, greenhouse operators,

conservationists and others concerned with the growing

of plants will recognize the benefit of TERRA-SORB and
 
the new technology that it represents.
 

There are many applications for TERRA-SORB in other
 
industries, however, this paper will address only

those applications relating to the growing of plants.
 

Copyright 1983 by Industrial Services International,
 
Inc.
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GENERAL BENEFITS
 

Agricultural and forestry production throughout the world can be increased
through the use of TERRA-SORB, a product of Industrial ServicesInternational, Inc., Bradenton, Florida. TERRA-SORB increases survival,

improves germination, reduces transplant shock, increases yield, promotes

faster growth minimizes erosion and permits more efficient use of water
 
resources. TERRA-SORB's greatest potential benefit lies in those areas

where there is significant moisture stress. 
This paper will introduce
 
TER1RA-SORB, describe superabsorbent technology and highlight the results
 
of laboratory tests and field applications.
 

Superabsorbents have proven to be of major benefit to:
 

o Foresters. 
o Farmers. 
o Greenhotaoy growers. 
o Soil conservationists.
 

INTERNATIONAL APPLICATIONS
 

TERRA-SCRB's potential applications in developing countries are

practicalLy limitless. 
 Dry land and rain fed agriculture projects such as

thuse sponsored by the U.S. Agency for International Development seem 
parti cuaLc:_Suited for the use of this technology since, by definition,these prcjects are predicated on the absence of consistent predictable
amoutnts of precipitation. In such an environment, TERRA-SORB use may make
the diffeence between agricultural self-sufficiency and the continuation
 
of a pat ,ern of importing basic foodstuffs. Experiments conducted in 
a

semi--irid arta of United States showed twelve to fifteen per cent increase
in w'hea: vi..oils in those fields using TERRA-SORB compared to those whereit was ,iot used. There is no reason to believe that different results
would be cjthiL).ned in developing countries. 

Reforestation projects 
are also suitable for TERRA-SORB use. Over onehalf billiun forestry seedlings were treated with TERRA-SORB in FY '82. 

TERRA-SORB, WHAT IT IS AND HOW IT WORKS
 

TP.RRA-W!3 i. a material that acts like a supersponge, absorbing andstoring hundreds of times 
its weight in plant available water, releasing
it to the plant on demand. TERRA-SORB is a water management tool. In
addition to its amazing moisture retention, TERRA-SORB acts to promote

aeration and in :.iny other ways benefits the grower.
 

HOW IT WORKS: 
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To gain an understanding of how these particles act to absorb moisture so
efficiently, we 
can consider a simplified molecule of the material. 
Each
particle or 
molecule can be considered as 
having two main "parallel"
groups of atoms. These groups are periodically joined by connecting

cross-links like the rungs of a ladder 
(as shown in diagram A).
 

MAIN BRANCHES 

O* .. ..
O .
 

O - - - - - -O.-

Ou1 0---------0 

DiagramA. Each molecule has in 
iti structure two mainparallel l,roups
of atoms, periodicallyjoined by
conm'ncting links. 

When water comes into contact with a superabsorbent, an electricalrepulsion takes place, causing ths main branches of the molecule to repel

each othec ds the like poles of a magnet. When this happens, water is
drawqn between the branches resulting in a rapid swelling of each particle.
At maximurnti capacity, each particle will expand to over thirty times its or iginal volume. When water evaporates or is extracted, the materialshrinks, returning to the unswollen state. When water is again added, thematerial will re-swell absorbing the water 
as described previously.
 

FACTGIC ;?FET tUG ABJSORBENCY:
The Thsor'tion capacity of superabsorbents is affected by acidity andalkaiinity ( H), conductivity, and other variables that inhibit expansionof the -jel particles. The pH of the absorbed fluid should not present aproblei in most plant related applications since the pH in the growingeFvi.nrThKrtj.; normally within the ideal range for optimum absorption.Ferti]i:,ers, -;alts and other chemicals present in the growing environment

ccln: owu.,er, cause a significant reduction in stated absorbency. 

Suoerabzorbents having a very high absorption capacity (eg. over 
1000
time: their 
dry weight in water) are typically sensitive to such
"iprities", losing a large percentage of their claimed capacity. It isnot [ucrnfor a superabsorbent having an absorption capacity of 1000tirtnm iL; weight in pure water to absorb 200 or 300 times its weight in;,rul. I .;:' Yecaue of the effect 
- of such materials as fertilizers andothe-, .h,:m i ,':. ] s. 

Selerctiwj ihe proper application rate, especially for very high capacitysuperabsortents can present a serious concern. The user must decidewhether the material should be applied at the recommended rate, a rate
which inay not be based on "real world" conditions, or at a higher rate
which cunsiders the characteristics of the particular growing environment.
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Applying a superabsorbent at a rate which produces too much ge] at the
 
plant roots can cause serious problems, including pLd t death, by
 
inhibiting coot aeration. Using superabsorbents at too ].oaan application
 
rate will result in failure to obtain the desired benefit,
 

Using superabsorbents having a lower sensitivity to ;L.ch variables, as 
discussed previously, takes the guesswork out of selecting the propeC_.
 
application rate, greatly simplifying the successful, effect',ge
 
application of superabsorbent technology. Another method of eliminat4ng
 
the guesswork is through the use of TERPA-SORB 200G to coat seeds prio 1 to 
planting. This .sespecially appropriate in a developing country context 
where aymeCrs may lack the 1:now-how to properly mix and add TERRA-SORB 
flakes (see p. 5 for more information on TERRA-SORB 200G). 

EFFECTIVE LIF 'E: 
TERRA-SORB -emalns effective through many swell.-shrink cycles. In the
 
growing envi:'ronment the superabsorbent remains effective from a period of
 
abou .ix ,rths to several years.
n'i After biodegrading, what remains 
[Linc:icns as 30il amendment to improve aeration and other soil 
cha,:ac:er 1cs. Tn fact, biodegradation converts TERRA-SORB to virtually 
the .,arne rm-ttli.al as a soil amendment marketed by Monsanto in the 50's 
ca.i., ed KR!JUJ .4 

Dr..fi Ai :on. Director of Research for the George W. Park Seed Co., 
,o'ei~:e] iri ;he Jure-Juiy, 1982 issue of FLOWER AND GAPEN MAGAZINE, that 
superascr.,ent2s in tbe powder form hold more water than flake type
matei-ials 3nc~i as TER14A-SORB. However, the powder forms decompose faster. 

',Qt p t .Lk watered on a schedule or when signs of wilting appear.

Such methods Jo aot ensure that the plant has adequate water for optimum 
growth. :rt :,. by the time a plant shows signs that it needs water, it 
has long si;e stopped growing. Using TERRA-SORB allows the plant to 
obcain war:, a2 needed for optimum, uniform 3rowth (as illustrated in 
diagr:n B). °[Tcaue is no slow down due to too much or too little water. 

rJP
 

Diagram B Top line: 7 rated with 
su/)erubsor')ents.Middle line: Grnith 
with some stress Bottom line: With 
ronttolntisstress. 

6k'
 

http:rm-ttli.al
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At the same time, in an environment where there is r:'is.ure stress, faster
 

growth is promoted by the gradual, phased release cf stoied water. This
 

serves to anteliorate the "rain-runoff-drought" cycle in ari-. atid semi-arid
 

areas.
 

IMPROVES AERATION AND DRAINAGE, DOES No(r PROMOI'E ROOT R(Y£;
 

Oxygen depletion or carbon dioxide buillup in the plant root zone is
 

harmful or fatal to a plant. When superabsorbenl- particles are present in
 

the growing media, they will, uno. abs-rbirg wate,' expand to many times
 

their ov:igina] rolume (as illustrated in diCgr:j'n C. This exparnion
 

opens, riA exercises the growir'g media by forclrj soil particles apart,
 

incrca3ii ,,j -ter.ation and improving drainage. Once these particles reach
 

their in imum absoirption, excess water flows freely over and around the
 

part -As-eit flow over a saturated sponge. TERPA-SORB does not,
i-s would 
theefore, cause "plugging" of the soil. The comTbination of ideal water 

arnavailab icy ,;cmbined with gcod aet3tion prom':e fser growth 
minimi:,-., i, e cange,: of i.-ot rot. 

t )iag-r'z ( A s ./IUS )erabsor)'it. iIlowt, in ilack) . wel!, they /nrce soil 
,

pit, cls (,.,'n i whit,) apart, ol'riirln' ptSShag' for air and c.t the same 
t;rw, improJ in:,,,fr sturv nvw ailabilily. 

MAKS iI:'JVi. FT.IUCIENT USE OF WATER: 
A , ad,.vjntage of superabsorbents is their ability to make use of 
,7,rav:l-arionai eater, water which is usually not available to plants, as 
vel.l as capi.'.a.y water. As explained below, soil moisture is held in 
thi ,: ,,,c oLMs: 

.I. 'oj: I'irw A water is water- thaL freely Move thr,,.jh L'e soil due to 
t i),.:,, . gr;,vity. This water cannot usu.--i.y be used by the plant 

r ei 'dly oc-,ve! out of the soil.. 

2. ,- 1:i].;. y .atr.er is water that is held very I3,.oosl 1, around the soil 
partic, -l. .e water is hf].d by cohesion (attraction between like 
u].ecuJ.r:) . ,',ost of this water is available to plants. Capillary water 

can be -,c(midered as being in the form of a thick film around the soil 

http:thr,,.jh
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particles. The water moves 
to the point of highest tension (lowest

pressure). The root hairs create 
a low pressure and are capable ofdrawing moisture until the attraction between the soil and the water
molecules exceeds the attractive forces of the roots (permanient wilting 
point).
 

3. Hygroscopic water is water held in the form of a very thin film around
 
soil particles. ft is not usually available to plants.
 

WIDFLY ACCEPTED:
 
TERRA--SORil is overwhelmingly accepted by the 
growing industry in the
United Sta;:es. Magazine articles, testimonials, research reports and
other materials, along with ovr satisfied customers. attest to the proven

effectiveness of 'ZERPA-SON.B. The attached appendix inclUdes sunmaries of 
reports oti TERRA-SORB by leading researchers.
 

ISES OF TERRA--SORB 

There are 
Lfve ::;asic ways to use 7LORRA-SORB: 

1. AS a seec coating (TERRA-SORB 200G).
2. Addirr .: gDowing media in the dry form. 
3. As a gjel carrier for pregerminated seeds.
 
4. As a g:? dip when combined with water.
5. r ,Q.iq oier surfaces prior to planting or seeding. 

TERIJA -SCjlt:- "GJr FOR SEED COATING 

Ss,:- .i~y fr~odified form of TERRA-SORB has been developed specifically 
-or.applications. Moisture dbsorbing particles in TERRA-SORB200C e:I ,a a they draw moisture from the humid air in the soil or from


liguid ,,,at-l: In expanding they form a gel "fuzz" at the .ed surface.
 
, ois:'-,-c he.J hy the gel softens seed tissues promoting rapid germination.
PUa1.t ,rt
c., w f.er because moisture is readily available to the seedling.- 200G can be mixed with the seed at a central distribution 

I~ac, .oi-,eliminating the need for the individual farmer to concern 
.irts,, v-.,i .,1dinq material.* the 

*V.B.; -G is a powder that is applied by simply mixing it with dry
In " H:-io of one pound per hundred pournds of dry seed. It is

ideaL fQ'c --. 'rer, hopper box application. Because TERRA-SORB 200G is notabraLir,, i,'d since it contains graphite, it lubricates planting
ec,]i~jpnt, thereby maximizing planting efficiency. For seeds with a
 
smooth, wi<y sutrface, a small amount of water may be added to the seed to 
ad i.n coating. 
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RESULTS OF USING A-soRB 20oG IN AGRICULTURE: 

Tests conducted with wheat, oats, beans and other crops heave shown that
 
the use of TERRA-SORB as a seed coating can result in a 10-15 percent
 
increase in crop value per acre. Average yield increases of 5-7 bushels
 
per acre have been reported.
 

Soy bean yield has been increased by 26 percent. Jim Powers, a grower and
 
agricultural consultant in Zachary, Louisiana tested TERRA-SORB 200G with
 
soy beans in 1981. Fourteen rows were treated. Treated plants averaged
 
28 inches in height, the untreated plants averaged 16 inches. Beans on
 
the treated plants were larger and uniform In size. In addition, the
 
majority of beans in the top pods of the treated plants had three or more
 
beans as opposed to two on the untreated group.
 

Extrapolated harvest data, based on the fourteen treated rows indicates
 
that the yield per acre would be increased by 26 percent; 38 bushels for
 
the treated plants as opposed to 30 bushels for the untreated ones.
 

RESULTS WITH GRASSES: 
In 1982 the U.S. Soil. Conservation Service conducted a series of tests at 
the U.S. Army Corps of Engineers floodwater retarding structure (Gallesteo 
Dam) in Albuquerque, New Mexico using grasses which were treated with 
TERR).-SORB 200G, as well as untreated grasses. As reported by the Soil 
Conservation Service, using TERRA-SORB 200G doubled the plant growth 
(height) and accelerated seed production.
 

On the treated area 'Ganada' Yellow Bluestem, 'Hacita' Blie Grama, and an 
expe'i.inental strain of Sideoats Grama all made seed. 0,. the untreated 
area, on,.y a single plant of Sideoats Grama which had a seed stalk was 
found. 

The treated side had plants which were about four inches tall. The best
 
plants on the untreated side were about two inches tall.
 

ADDING TERRA--SORB TO THE GROWING MEDIA 11 THE DRY FORM:
 
For transp].inting trees, shrubs and large plants, the superabsorbent is
 
sprinkled evenly into the hole prior to setting the plant or mixed into
 
the backfill. Once the superabsorbent ha6 been added the hole is filled
 
and watered in as usual. Superabsorbents should not be simply poured into
 
the hole as they would, upon watering, form a thick gel ball around the
 
root which cou.d prevent aeration.
 

In agrcultu:e.superabsorbents can be banded into the planting furrcw. In
 
applications with tobacco, this method resulted in an average increase in
 
leaf length of 9 inches (36 inches compared with 27 inches for the control
 
plants). T'he height of the treated plants was 69 inches, the untreated
 
plants averaged 51 inches. The rate of application was three pounds of
 
TERRA-SORB per acre.
 

USE AS A GEL CARRIER FOR PREGERMINATED SEEDS (GEL SEEDING/FLUID DRILLING):
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Superabsorbents are very effective when mixed with water and pregerminatedseeds for gel seeding applications. Special machines Plant thepregerminated seeds which are suspended in the gel mixtrti-e. 
 The gelprotects the seed and provides a source of moisture for 
the emerging

plant.
 

A modification of this process is to mix a superabsorbent with a plug mix
or soil, pregerminated seed and water. 
Although only recently developed,
this method of application seems superior to traditional gel seeding

applications.
 

USING TEWIA-SOlU3 AS A GEL DIP
Small plants are transplanted arid shipped using a gel slurry around the
roots. 
The gel is made by combining a small amount of the superabsorbent
with water; for erampile, one pound for twenty five gallons of water.Dipping the 
roots keeps them moist, increasing survival and minimizing
transplant shock. Severral divisions of The U.S. Army Corps of Engineersand the U.S. Forest Service specify the use of TERRA.-SORB. As statedpreviouJ.sly, 
over one half billion forestry seedlings were treated with
TER&%-SO1ZB in FY '82. Most of these trees were gel treated.
 

BROADCASTING OVER SURFACES PRIOR TO SEEDING Oil PLANTIN4G:Superabsorbents are broadcast over an area prior to seeding or planting to
enhance moisture retention-, promote emergence and increase germination.
 

NEED FOR ADDITIONAL STUDIES:
 

Because of the wide range of potential applications, both domestic
and international, there are many areas for additional research. 
Some suggested studies incl]ude:
 

Evaluating the effect of employing superabsorbent technology on
cLop production in developing countries. 

DeLrmLnitiq the effectiveness of using TERRA--SORB, applied in a 
varLety of application methods on majorwvheat. and tobacco. crops including rice, 

Rvva!uLting the effect of superabsorbents as additives to various spray applied water-base materials such as: 
 pesticides, growth
regulators, and herbicides. The incorporation of superabsorbentswill. reduce drift, minimize runoff, and may increase
effectiveness. A reduced application rate would minimize anyharmful environmental impact and reduce cost. 

Evaluating the effectiveness of superabsorbents as a top dressing
amendment for seed flats to promote faster yermination, reduce 

, m m m n
. . nm 
 nn n | nlm ~l 
 nman1I~ | l N , 
 umm 
 n n 
 m m mnuam
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misting and leaching, reducing foliage disease and maintenance.
 

Evaluating the acceptance of this technology by farmers in less 
developed countries. 

" Evaluating the general suitability of superabscorbent technology to
* 
nursery operations in developing countries.
 

The
Evaluating the effect of TERRA-SORB in minLmizing erosion. 
 .
rapid establishment of a healthy ground cover will do much to 


minimize soil erosion. Superabsorbents are likely to promote such
 
growth.
 

Evaluating the water conservation potential of employing
 
superabsorbent technology in developing countries.
 

CONCLUSION
 

Adding any additional material beyond those substances currently used such
 
the cost of the
 as fertilizers, pesticiles and herbicides adds to 


The cost, however must be viewed in its relation to the
operation. 

benefit.
 

The cost of using TERRA-SORB is very reasonable, especially considering
 
that it can provide such as:advantages ii 

o Increased efficiency of water use.
 
o Increased survival.
 
o Increased rate of growth.
 
o Increased shelf life. 
o Increased germination.
 
o Reduced transplant shock. 
o Reduced crop growing time.
 

One hundred pounds of seed can be treated with TERRA-SORB 200G for
 

approximately 6 dollars. Because of the varying quantities of seed 
acre of seed treatment
planted per acre., for various crops, the cost per 


can vary from as little as 10 cents for crops such as tomatoes (1/2 pound
 
of seed per acre) to about 7 dollars per acre for wheat (120 pounds of
 

seed per acre).
 

to treat,Typical. costs for applying TERRA-SORB are: less than 10 dollars 
"a cubic yard of media, which equates to about 6 cents to treat a gallon 
container, 4 cents to treat an eight-inch hanging basket and 6 'cents to 
treat a 72-cell bedding flat. Used as a gel dip, 50 seedlings can be
 

,k,
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treated for 1 cent. Cost for use in sodding or hydromulching is 8/10 of a
 
cent per square foot. In transplanting, a plant with a one foot diameter 
root ball can be treated for 40 cents. The cost for treating 10,000
 
forestry seedlings is $3.75.
 

ck.
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APPENDIX
 

RESEARCH STUDIES 

Leading universities have confirmed that TERRA-SORB will: reduce water
 
stress, increase nutrient retention, replace peat moss as a moisture
 
holding material, increase germination and in other ways improve the plant

growing environment.
 

UNITED S''ATE:S FRE;' SERVICE, Charles R. Venator and John C. Brissette 

J.&2'EAbSORBENTS REPRESENT A PROMISING PACKING MATERIAL FOR BARE-ROOT PINE 
51Th'.'L[NCS. loblolly pine (Pinus taeda L.) seedlings packaged in 
:u[er'-ibSoLbent polymers or clay and planted within 48 hours of after 30 
lays ,()!.d s1:rorage were evaluated. In a test conducted in Louisiana for 

eedI .ngs outpLanted within 48 hours, survival of seedlings dipped in 
IT'ERRA-SORB nad the highest survival, 84.0 percent. The clay slurry
treaii-vrt survival was 49.0 percent. In a Mississippi test, seedlings 
~t ',-o t:hirty days in cold storage had the highest survival when.)r 

:rr>.te( ',) PT.'RA-SORB 1000, an experimental TERRA-SORB formulation. 

, ,, v. 4 _,5 percent as compared with a clay slurry control group
:.:, rvi.:;. 3*!.5;0 Ix-rcen t. 

\s pcuiltI ,(ut in the study, "Successful establishment and good early 
ir;wth o' ct:,L;nted seedlings are important elements in any reforestation 
pLjrocjrim. !,Ie increasing use of genetically improved southern pine 
:e; 1.gy -t-O 4ic h site preparation costs make planting success even more 
LIloi r I alt -. 

Acr-.' di tc thC1 study, "At ].east three southern forest tree nurseries 
h;ive cov'v:ted their pine seedling packing operations from kaolin clay
,lI.ury tW a superabsorbent without ,any reported negative effect-s." The 
. iupet -a,;o re i,'-of choice was TERRA- V . 

AiLURN UN["ERL'TWT, Dr. Frederick B. Perry 

TEi1D1A-.,1W CA;N1 BE EFFECTIVELY ADDEDi O PINE DARK MEDIA TO REDUCE itQ.ER
STRESS AND I NCREASE NUTRIENT RETENA. Four rates oE TERRA-SORB and a 
control were use±d on an all pine bark medium. Plastic: containers were 
Cr1led di'ih unamended pine bark, or pine bark medium plus 1, 2, 3 or 4 
pourids of TERRA-SORB per cubic yard. Pots were fertilized from one to 
five times using a 200 ppm N, P, K, soluble fertilizer from a 20-20-20 



PAGE 11
 

source
 

The weight of the containers at field capacity increased the first day 
of
 

85, 117 and 131 percent (figures correspond tD the amount
watering by 41, 

showe6 an increase
A subsequent tec-t
of TERRA-SORB added to the media). 


The difference in percentage is attributed
of 19, 50, 66 and 70 percent. 


to the bark not being at moisture equilibrium during the first 
test.
 

The use of TEPJA-SORB to enhance the water holding capacity also 
increased
 

Soil nitrogen
the nutrient holding capacity of the pine bark medium. 
9 percent as the weight of TEEFRA-5OEB increased from

increased 3, 6 and 

one t- thricc< pounds per cubic yard. Generally the nitrogen content 

increosed by one.percent with subsequeit fertilizer applications. 

1NIVERIV..;'Y OF GEORGIA, Dr. Vivian Mun&.ay 

T[Wr u-<.-'.>. , 'SED GER'MINATIOIN, INC-,EASED THE WATER HGLDING CAPJ?ACITY AND 

rIDUC2L) i/T.T'FUNG REQUIRIEMENTS OF PLANTS GRO414 IN A SOILLESS GROWING MEDIA 
chosen(r. rmro**-ii. 3)00). Phaseol.us volgaris, "Topcrop bushbean", was as 

- t:.-;. ii-nt because it has a large transpiration surface area, and 

,,mul , tr-.o:e, he expected to respond rapidly to changes in soil water 

con :er i.. 

by; 9, 18 and 36TLe of ciugli:cunt.ainers at field capacity increased 
pe'cer ,-ti amount of TERRA-SORB was increased from 1.2 to 2.2 to 3.3
U, he 
,; ind : " cubic yard. 

CA-,.; (..11 ii1 creased ftrom 48 percent (control) to 83 percent (1.3, and 

2.2 Pmoii per cGbAIc yard rate) to 90 percent at the 3.3 pound per yard 
rte. 

r a i-,-e . r.. 

, .HX Vi0,r',$. DEPARTMENT OF AGRICULTURE, Dr. Stan Nemec 

INOCULANT CARRIEhi FOR MYCORRHIZALdR/vK<-.BIS) 11.VGIHLY EFFECTIVE AS AN 
tests conducted by the Department of Agriculture showEJUHGT. _Ps..Ls froir 

fungi.that '"'-rPA-.So.,B cn be used as an inoculant carrier for mycorrhizae 
Trea -iw4 plants with the fungi results in improved growth because the root 

CU changed, improving the ability of the ree to obtain-j-..' 
nut: i'-.; . Citrus trees treated in this manner show a substantial 

inlC.t.::.2' , extension growth and no evidence of phytotoxicity. 

Ni,.'Jh'V CAi..,Lfili STATE UNIVERSITY, Dr. Roy Larson 

INDICATE THAT TERRA-SORB MAY INCREASE THE
PREhIT,1r1',ARY STUDIES 

EFFECTIVENcI:S OF GROWTH REGULATORS. 

http:Phaseol.us
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VIRGINIA POLYTECHNJIC INSTITUTE, Extension Division
 

TERRA-SORB INCREASED THE PERCENTAGE OF GREEN COVER AND MEioiTED 7INA 56 
PERCENT INCREASE IN ROOT STRENGTH. Where aerified sod was soaked in a 
slurry consisting of 19 grams of TERRA-SORB per gallon of water, root 
strength was 3.6 kilograms per 900 square centimeters. For the same area, 
root strength of thecontrol was 2.3 kilograms. 

The percentage of green cover generally increased with the application of
 

TERRA-SORB. The maximum increase was noted for sod that was washed free 
of soil and treated by dipping in a slurry consisting of 12 grams of
 
TERRA-SORB rer gallon of water. Green cover for the control was 53.3
 
percent. ''h 7JERRA-SORB treated sod had a green cover percentage of 90.7 
percent.
 

Other repoL-ts c ncernivrg the use of TERRA-SORB, in appli.2.A'i;nf which are 
not directly apylicable to forestry and agriculture, are available on 
re.quest. 

CL!OSIN wOF. 

The o.bj'¢ctivc in writing this paper has been to present the product and 
the technojocgy' in a clJear, meaningful manner. We trust that you will find 
ts informatior) helpful. 

Shod you r.ave questions or comments, please contact our office. 

INDUSTRIAL SERVICES INTRNATIONAL, INC. 
P.O. Box 10834
 

Bradenton, Florida 33507
 
U.S.A.
 

313/792-7778 Telex 89-8388 (AEMPOWER/WHEN)
 



2 

PAGE 13
 

REFERENCES
 

1. 'Pritchard, James F. and Bowling, E. Ruth, 1981. "Superabsorbents",
 
Landscape Architectural Forum, Summer Issue.
 

Pritchard, James F. and Quinn,. James J., "Super Soil Moisturizer
 
Challenges Others in Growing Industry; ORNAMENTALS SOUTH MAGAZINE,
 
December 1981.
 

3. Sorlher, .98)_ "Soi.ls and Soil Management", Reston PubLishing Co. 

4. Periry, B. "Effect of TERRA-SORB on Water Retention, pH and NitrogenSrJ, 

Retention of an Al-. Pine Bark Meiium".
 

5. NeTec, Stiar. 1982 "Inoculation of Citrus in the Field with Vesicular
 
Arbuscu.lar Mycourhizal Fungi in Florida"; Tropical Agriculture. In press.
 

5. Alston, Ji'm "Super Slurper, a New Tool for Gardeners"; FLOWER AND GARDEN 
MAGAZINE, June-July 1982. 

7. Anon,Jw:c.cxings of the 198]. Virginia Tech Turfgrass Field Days, 
,1_5 , 16,. Pages 60-67. 

8. Correspcnieence, United States Department of Agriculture, Soil Conservation
 
Servyice, A~bijquerrque, New Mexico. January 21, 1983.
 



Industrial Services International, Inc. 

TELEX 89-8388 (AEMPOWER/WHEN) 
P.O. Box 10834 u Bradenton, Florida 33507 U.S.\. '-hone 1813) 792-7778 

TERRA-SORB "Super Soil Moisturizer" 

INTERNATIONAL APPLICATIONS 

TERRA-SORB iscurrently being distributed by over one hundred and
 

fifty distributors in the United States and Canada. Although certain
 

applications in these countries may be more cost ef-fective than in
 

other parts of the wgrld, the following applications are econoraLically
 
justified world-wide.
 

AGRICULTURE
 

SEED COATING
 

All seed requires moisture to germinate. 
TE:RA--SORB 200G, seed coating, applied by the farmer, 
is nixed dry with seed before planting fields. It 
re.quires no tackers, stickers or processing and with 
ThRIU.-SORB 200G, absorbing hundreds of times its 
weight in water, wrapped around each seed, germination 
is faster and a better germination rate is assured. 
TERRA-SORB 200G, is applied at the rate of 1 kg per 
100 kgs of seed. TERRA-SORB 200G treated seed also 
lubricates planting equipment thereby providing more 
uniform seed drop at planting. It cost about 
$12-15.00 US to treat 100kgs of seed. Examples of 
0)-3f ( using TERRA-SORB 200G for cabbage and tomatoes 

)e- hectare. (1.25 kg of seed) are 10-12 cents and for
 
wneat (300 kgs of seed) $18.00 per hectare.
 

Application procedure:
 

Pour TERRA-SORB 200G directly onto seed in
 
the hopper box, or seed bin, at the rate of
 
one part TERRA-SORB 200G to one hundred
 
parts of seed. Mix thoroughly with a stick
 
or similar implement until the absorbent is
 
,ell blended. Seed color after mixing
 
should be uniformly darker. The total
 
mixing time to treat a 50 kg bag of seed is
 
less thari a minute. 

Note: Seed which has been treated with
 
TERRA-SORB 200G shoould be stored under dry
 
conditions as the material is hydroscopic,
 
ie., has a affinity for moisture.
 

Copvriht 1982 by Industrial Services International, Inc.
 

http:12-15.00


industrial Services International, Inc. 

TELEX 89-8388 (AEMPOWER/WHEN) 
P.O. Box 10834 * Bradenton, Florida 33507 U.S.A. * Phone (813) 792-7778 

SEED BED TRANSPLANTS
 

Many agricultural crops are started in seed beds
 
and then transplanted into the field. One of tne moct
 
critical periods in the life of these young, 
tender
 
transplaints occurs during transporting 
and
 
transplanting the seedlings when water 
stress is
 
likely to occur. If moisture is inadequate during
 
this critical period, the transplant experiences
 
stress and may never grow to produce expected yields.
 
If a TERRA-SORB prepared gel is used as a packing

media when transporting these young 5edljns, and as 
a transplant dip prior to planti-.; in Lhe field,
 
stress is reduced resulting in higher survival,
 
reduced replants, less labor and increased vie.ds.
 
One k, of TERRA-SORB treats 
10-12,000 seedlings and
 
will cost $10-12.00 US.
 

APPLICATION PROCEDURE
 

MiC Tr1.RA-SORB at the rate of one 
kg per 200 liters of
 
water.
 

A.; a packicg media, pour gel into the bottom of 
the
 
trarsport container so that the roots of the seedling,
 
which are later placed in the conte.ner, are in the
 
gel. As the seedlings are lifted fL.;n the transport

container, the TERRA-SORB gel will cling to the roots
 
providing water reservoirs which reduce transplant
 
snock and insure a better start.
 

As a di treatment, simply dip the roots before 
planrting. 

Nore: 
 Should a tackier gel be desired, pr'epare the
 
get several hourz before using the mixture. The
 
addition of chemicals such as root stimulators,
 
fUngi-ides, etc., may require you to use slightly more
 
TERiA-SCRB than usual.. Since many factors can 
alter
 
the final. absorbency of a polymer, only you 
can
 
determine the optimum rate for your specific need,,.
 

Copyright 1982 by Industrial Services International, Inc.
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FORESTRY 

Survival is the most important factor in 
determining the overall effectiveness of a 
reforestation effort. TERRA-SORB incrsease' survival 
and is one of the most important contributions to this 
industry in imany years. Since 1978, hundreds of 
forest nurseries and ornamenta. growers have been 
USirCg TERRA-SORB as a pacling media and transplant 
dlp. Diring the i982 lifting and trancplanting 
s,!ason ov-r a half hillion se,'dlirncs we.cie treated 
with Tf RRA-SORB. Lea.ding :orestry and c.>,inrrCai 
nr m,.n-,Lal aroweLs in the U.S. and -tr-e cLu,itr i,: 
nrow uc' V'EPK-SORB to increase survival anr- red,ce the 
overalL co!3t of reforestation. 

APPLICATION PROCEDURE
 

Mi:x TERRA-SORB in water at the rate of one kg to 
approxirnately 200 liters of water to obtain a loose 
s~urry of gel. 

Wlth a rooted seedlings apply the gel to the roots 
of U- eedlingr spraying o,- dLpping the3:± by 
seecilinzcr befo-e wrapping for shipping, str:ing or 
t r a r),)1z.a-,t ing . 

W.1 c:ntrierized seedlings, use the gel. as a root 
L'tI.] ,lii o spray the root ball before planting the 
",:!r il.ng and/or distribute dry TERRA-SOPB irto each 
lo,.e at the rate of 1 to 2 grams prior to planting the 
se:ed). i ,cj. 

W4i.th field grown seedlings which are lifted with a
 
root ball, dip or spray the root ball. a- it s lifted
 
for transpor7ting, and again as the seedling is
 
pLbttd.
 

Copyrigh. 1982 by Industrial Services International, _inc. 
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GREENHOUSE APPLICATIONS
 

As any greenhouse manager knows, water is a vital 
factor that must be properly managed in a greenhouse 
operation. Too little water can cause unwanted stress on 
plants and foul a production schedule. Too much water, 
caused by a poorly drained potting media, can tesult in 
improper aeration and root disease. 

In designing a potting mix, the manager Tmust determine 
the proper balance of materials which will hold water, while 
at the same time pro,.ide for adequate drainage and air pore 
space sufficient to ventilate and remove gases expelled from 
the roots.
 

'ER1A-SORB plays an important role as an amendment to a 
growing medi.a. It holds hundreds o!" times its weight in 
water. Unlike conventional potting medium absorbents, over 
95% o tne water absorbed by TERRA-SORB is available to the 
plant, Because more of the water held in the medium is 
availaoLe to the plant, faster root development and plant 
growth can be expected because grow;th does not slow down as 
:-urh between waterings. 

'TER7RA-SORB increases aeration of the growing media.
 
Earri t-iny particle of TERRA--SORB expands to 30-40 times its 
ize ',he,.n in contact with sufficient water. This expansion 

puzh,: adjoin-ing soil particles aside and provides 
additional aeration as water saturated TERRA-SORB begins to 
yield its 4ater to the plant. 

This unique combination of additional available 
mToi -72 re and increased aeration provides management a tool 
tha' in,3ures faster root development, less water problems 
and a plant that requires less maintenence. Water usage can 
ofiten be cut as much as 50%. Because TERRA-SORB absorbs 
liquid nutrients as well, leaching of chemicals is reduced 
thezeLy provriding additional cost savings.
 

APPLICATION PROCEDURE
 

Mix iTE f.A-SORB with dry media at the rate of 1 1'/2 kgs per 
cubic meter. When mixing apply TiSRRA-SORB sl')wly to insure 
even Jistribution. If media is moist, a premix may be 
necessary. Mix TERRA-SORB with a dry additive first, such 
as s-mid, bark, oerlite, etc., and blend thorou, hly. Mix the 
premix with remaining media ingredients. Amended media may 
be steam sterilzed. 

Copyright 1982 by Industrial Services International, Inc.
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LANDSCAPING 

Use of TERRA-SORB ir, landscaping was the fas':e:c,. qrwinq use of ourtechnology in the beginning years of our business. Ti's was because 
landscape materials always go into stress when transp.anrted and often donot recieve the care given them in the nur.iery. Landscapers were. quick to
realize the Fetefits of extending wate,: management: du.ivi and after
installattoii of p.art materials. !,sn: cand ,: rater>ials tLieted with
TERRA-SORL3 can 'requently go two to a. longthree! ti.rlea betwden
irrigations. , 'YherPERRA-SORB is used, stress L-; i:edioced anf, the cost of 
replanting Jos:t matezials is cut rdrastically. 

'"l;i v: of TERgA-3O: partic..e.; as super effecti.e .ittle sponges whichwill ht]1 many t ,;,es their weight [n water. The mdt'eri,!-. ay be broadcast
into the holrl iLtofe Lransolant. r: shrubs and tree, . It a'av be broadcast 
over an ,r_- o Layi-ng grass or workd into L.t:e soil of a newlyprelpa)-0.j F? we er o, turf gre!en. In hyd.osceding, :.3praying TERRA-SORB'(e .s . ,- on top co t-he qrou,:d where the seed und'i: provides for 
_a.-L- qr:. nfl;t. i()l a;id a he t er qermi natio, rate. T",..d y andscape
arc'h i'--.r .. ' a..cto~rs :. na .'ca , Canad Uni.er !L¢'ndomn, Saudie ,
A1:a:.L. i . ;nar(ay othe;:- ccint.rie; s.ec Iy ti!: use of TE2RM-SOR3 in!.&.icd.;c.:. p.rc .r'WIC-:s. 

?2PLICATION PROCEDURE 

Mix '.jbj['.} : K.(..l T,..;r,:,Jhly into planting s~il mix used as a backfill. at the 
:. :|t.,: i, .. p:e,_- c:ubic mete, . 

)xn tcn:.eta n',, ,.cj c:-ntainerized or ballcd materials, broadcast TERRA-SORB 
e Ly u.r:(.<,Teu5 the hole at the rate of 1 gram per cm of root ball 

i Lca.u::fl,:.5.,g bei c rooted materials dip or spray .he roots with a
IUU---SOIld3 °3e before planting and backfill with amended planting soil 

mix. 

Wrienm i new qr:1s or seeding, broadcast TERRA-SORB at a rate cf 100Igs . ,c..,,e pci or to laying the grass or broadcasting seed. Should
~t,'e- i,,.,j ot other ad'erse conditions ey:ist, the rate should be 

a ncl¢..at.150-C00 lqgs per hectare 

In hLLVJVI ,: {.r. ,i)! ThRRA-SOjkY" i n the t n; a].cj! wit h fu, ch, fertil izer 
a.. ,I, . ,'. ;: e of." 100 ',g, L:r hectare I , ve .. e coadJi ons ,--ri t, 

K2-, Ct, 51opes, Limited water :sipply, etco, the rate should be 
1incre:yr tcoiCt -20 kgs per hectare. 

Note: Wh,"n dry seeding, coat the seed with WERRA-.,.ORB 200G, s:ed coating,
at the rte: en, part TERR -SORB 200G to one hundred naytr :., seed. 

Co -,right 1982 by Industrial Services International, Inc.
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Product Bulletin (9) 

TERRA-SORB - WHAT IS IT? 

- starch - and aTERRA-SORB is a "super concentrated" polymer composed of a naturally occurring polymer 

synthetic polymer. Technically, TERRA-SORB is gelatinized starch-hydrolyzed polyacrylonitrile graft copoly­

mer using potassium hydroxide. The polymer absorbs hundreds of times its weight in water - nearly all of which 

is plant vailable. 

Each particle of TERRA-SORB acts like an amazingly effective sponge which is insoluble and does not change the 

nature of the moisture that it absorbs. 

To gain an understanding of how a particle of TERHA-SORB acts to absorb moisture so efficiently, we must look at 
a simplified molecule of the material. Each particle or molecule has in Its structure two main parallel groups of atoms 

which are periodically joined by connecting links as shown here. 

Main Branches 

%- Cross Links 

-- 0 
When water is added to TERRA-SORB, an electrical repulsion takes place which causes the main branches of the 

molecule to repel each other, as the like poles of a magnet. As this happens, water is drawn in between the branches 

resulting in a rapid swelling of each particle and a rapid absorption of water as shown. 

H- 0-H HH-O-H Water molecules 
-0-- '+ Like polarity particles

repel but are prevented from 
(H -0-I):'40zexpanding too far by the 

+ (0- .+cross links( 

At maximrum capacity each particle will expand to over thirty times its original volume. 

Wheo water evaporates or is extracted from TERRA-SORB, the material returns to an unswollen state, actually 

in the soil, thereby increasing aeration. When water is again introduced, TERRA­increasing the air pore space 

SOR3 ,,idl
reswell as previously described. 

The use of TERRA-SORB will provide the grower, shipper, retailer, farmer and other users with a highly effec­

tive, lo, cost rnethud of providing plants with an optimum supply of moisture - over extended periods of time. 

Since water is THE MOST IMPORTANT plant nutrient, it is little wonder that TERRA-SORB speeds root 

(J!vLl()jiui :I iii1d1(J q r;Wth.
 

Most plant,. are watered on a schedule or when signs of wilting appear. When a plant is %howingthdat it needs water 

it has long since stopped growing. The effect of maintaining an optimum moisture leve, ,sillustrated by the follow-
Treated with TERRA-SORBing graph. 

Growth with occasional stress 

Plant Growth i-. . Continuous stress 

TIME 
Copyright 1982 by Indusirial Services InternatIonal, Inc, 



of moisture available. When TERRA-SORS
As illustrated, the growth rate is directly affected by the amount 

is added to soil a more uniform uninterrupted growth will result since the plant isable to draw water from water­

swollen TER RA-SORB moisture reservoirs. 

TE RRA-SORB improves aeration and drainage of the growing media. Oxygen depletion or carbon dioxide buildup 
in the plant root zone is harmful or fatal to the plant. When TERRA-SORB particles are present in media, they 
will, upon absorbing water, expand to many times their original volume. As the particles expand, they open the soil 
media by forcing the particles apart increasing aeration and improving drainage. At the same time, they are storing 
available water - this combination, high moisture along with high aeration, provides faster growth. The physical 
state of TERRA--SORB amended media is illustrated in the following diagram. 

As Terra-Sorb wiells it 
forces soil particles apart, 
opening pa.sages for air 
and at the same time 
improving moisture 

Terra-Sorb Black, Soil Particles White 

Because TERRA-SORB is insoluble any excess of water will freely drain through the gel particle. 

Consider some of the advantages of using this material: 

* Increased available water by as much as THREE TIMESI 

* Greatly increased shelf life 

* Increased soil aeration 

* Reduced transplant shock 

* Reduced resets in landscaping 

* You pass the benefits of this technology on to your customers - you sell a bettor, more maintenance-free 

product 

* Conservation of water and energy resources 

* Faster growth 

* Reduced media requirements by 10 - 15% in small containers 

to 30%Plants grown with TERRA--SORB amended media reach a salable size faster. Reports of reductions of 20% 
in growing time until the plant is an adequate size to market have been reported. Considering that the cost of adding 

treated media, when linishing fern liners off into a 10" hanging basket, is about 3 and that the shelf life will more 

than double, it makes good sense to use TERRA-SORB. 

For specific questions please contact your local TE RRA-SOR B distributor, or contact: 

Industrial Services International, Inc.
 
P. 0. Box 10834
 

dradenton, FL 33507
 
813/792-7778
 



POTENIAL APPLICATIONS FOR TERRA-SORB
 

1. 	 Radioactive waste disposal. 

2. 	 Hazardous waste iniobilization - rapidly gelling spilled wastes. 

from soils and other media.3. 	 l~moving excessive moisture 

cosmetics,
4. 	 Thickening agent for variety of material such as; 


paint, chemical products.
 

5. 	 Oil drilling mx. 

6. 	 Absorbent towels/pads, 

7. 	 Sludge dewatering. 

8. 	 Paper coatings. 

9. 	Pesticide application.
 

wind drift from sprayer applied 	materials such as10. 	 Minimizing 
insecticides as herbicides. 

11. 	 Protein concentrating agent. 

12. 	 Replacement for conventional absorbents such as cotton. 

13. 	 Pellitizing iron ore - replacement for bentonite.
 

14. 	 Filter cartridges to separate oil from water. 

15. 	 Soil stabilizing agent - minimizes wind erosion.
 

16. 	 Silage preservation. 

17. 	 Ore binder for metal castings. 

18. 	 Agricultural, plant/soil moisture control. 
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"We were getting low, 
germinationtr.tes in our 
begonia arM petunia seed 
beds, so we tried Terra-Sorb. 
Not only did thepercentageof 

..4rrination increase tremen. 
*1c; u.rsly, bu.Ita lso reduixed theti . 

.....e for erm iti 
- . Terra-,Sorb also m-nade 

• .S-	 .4 i.. separaion,)fmcts in the 
•. 	 ' '" transp1aani,:i,;of these tiny 

S seedling.s ?;wucn easier. In the 
future, we are going to use 

! "Terra-Sorb in our large 
Bu.H ,ha baskets.,Oginrg 


.'__. Overall,we beliive Terra-Sorb 
provides for bettergermina­
tion, less drying out, and 

Bud Hleist, Ov.,npr 
 ligHeistaw.iy I, -, 	 simplyim.cuts down hand­I-Ieistaw.iyard.2n 
ling time."
Cunye:s Georgia 

- -j , . -. " :. -"- .-..-. "Having erra-Sorbis like 
-:-a . having a built in baby sitter 

"-"-'for our horticulturalprojects. 
Wpe have found that newly 

V planted seed'flats, seed bedr~, 
47 .. anspiantedflowers and 

' , shrabsandallgrowingplants 
, - - _ . . .. are w. protaected wit: 

- ~ -*--~ -. Trra-Sorb. In addition 
- - -- - Terra-Sorb reduces labor and 

..- saves productioncosts."_ 

Sara Groves, Horticulturist for Georgia Institute of Technology, Atlanta, Georgia 
Board of Directors, Bedding Plant Institute 

http:I-Ieistaw.iyard.2n
http:Heistaw.iy


Terra-Sorb, perhaps the most effective product ifrgiowing, 
has beer eva euated.1& by !eading growers and iandscaper in 
the A -, area We ae pleased to report thek irdin': 

...... - ."We 
....- .4-ich 

"'' :'/ .' "the 
o Ur 

~ 
-- x : " 

k",­

_I FI5 

Dik-i':,!,g ,Pre.sident 

-fat 

4" 
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.,, .. 
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, .
 
/feel 

' ""-"Us 


Doug Do: ouv, Prside it 
Dorough Laiidscaping 
Lilbu-n, G-orgia 

u.,ed 'Terra-Sorbin our 
pcu ... tda: ,ast season 

and were "ery plecised with 
results. With ouroverhead 

wateringsystem, I don't 
think ive could have kept 
them t,.'ater.'ed wit'hout it." 

"In our landscapingproject 
Paces West Condominiums 

we used a layer of Terra-Sorb 
between the grouaw and the 
sod that we laid.Ourpro:!rms 
includea ,:,anv n a7row 

err"> bea and 
spr,:.dic wO .'?T .. Our ,_pai 
was to Mui,11nize shock to 
the sod and quickly establish 
a green couer. We deinitely 

that Terra-Sorb helped 
achieve ,!Iese ,oals." 



Terra-Sorb users 
in other regions also 
report excellent results: 

SOUTH CAROLINA 

"We are very impressed with the substance's(Terra-Sorb)ability to absorb 
moisture and cling to the roots of our seedlings.., we plan to begin using 
this materialon all of our bare root stock in the future." 

Stephen W Cantrell, Nursery Supervisor 
Champion International Corporation 
Swanaea, S.C. 

TENr .JE%.SEE 

"We dip ur Bare oot evergreen .iners in Terra-Sorb before we send them 
in the mal, c..- to areafield nurseries to be planted straightto the field. 
We had no rain in the areaand still the liners dipped in Terra-Sorbdid not 
uwilt bt.fore ttzy got to the customer and stayed pretty andgreen 
before it rauvx." 

John ,. Pan ter, Owner 
Johin Atirt,ey Panter Nursery 
Mcminville, TN 

FLORIDA 

"Watering requirements of the Terra-Sorb containingbaskeis were 
substantiallyreduced (estimate50%)... Terra-Sorb treated baskets 
exhibited no transplantshock... Terra-Sorbsharply reduced crop time 
(15 weeks us. 20 weeks)." 

}'red Haupt, President 
Sunshne Plants, inc. 
Zellwood, FI. 

(TERRA-SORB) 

* Cunserves water - Improves aeratlo: and drainage 
Increases suLal * increases germination 

• Maintains seed bed moisture Increases shelf fe 
* A plant "baby oitter" * Saves Vine and labor 

For Information or to Order, Contact Your Local Distributor 

INDUSTRIAL SERVICES INTERNATIONAL, INC. . RO. BOX 10834. BRADENTON, FL.33507 
(813) 792-77r,8 • TELEX 89-8388 (AEMPOWER/WHEN) 



Industrial Services International, Inc. 

TELEX 89-8388 (AEMPOWE R/WHE N) 
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Product BL,Ik,,,tin (1) 

TERRA-SORB IN GREENHOUSE USE 

TERRA-SORB gives growers more CONTROL OF MOISTURE. Media which is arrended with TERRA-SORBis more care-free than unimended media. By amending the media the followioig advrtages have been reported:increased water capacity, increased air space in the media, improved drainage, !ess surfact and internal "dry-outs",
increased media volume in mini-containers, and slightly less nutrient use. 

The deg,-ee with which the above adva-tapes wi!l h pjjen depends on the growing conditiors that TERR,-SORBis introduced with, such as media type, wdtering pratices, container size, plant type, environmental conditions,
etc., to say nothing of the differing greenhouse growing techniques found in the industry. 

* *All iniril users are encouraged to perform controlled tests in a variety of applications within their operation to
overcor'ie moisture problems or increase Fheif life. 

FRCP-G ATI NG 

Mi x - ERRA-SORB with dry media. Should "balling" occur, rnix thoroughly and plan' as usual. To mix in moistm,,ia a )remix may bc necessary. Mi> TERRA-SORB with a dry additive first, such as sand, bark, peat, vermic­!ite, -.Prrite, etc., and blenj thoroughlly. Mix the premix with the remaining media ingredients. Treated media 
SIUL Id be cqvercd ifstoreid outdoers. Steam steriliz3tion will not alter the effectiveness of TERRA-SORB. 

iEfRiA -SO t!3 ienJn media will yield greater germination and faster starts in sticking operations. Continuousmisting can be cut back, filat "dry-outs" will decrease, and the general condilion of the plant will be stronger. 

CO ,IAtNE; GROWING 

Mix TEPRA- SORR with media at the rate of 1 -3 lbs. per yard. TERRA--SORB should remain effective through­out the iolding period of most 
 foliage and bedding plant operations. When smaller piants are combined shortly
hbfnr s.!lili'j, greatly increased shelf life can 
 result by amending the added media with TERRA-SORB. Orna­mertal qrowers benefit mos t in bare root shipping and planting and, in amended sticking operations. All shoit­
!,!m h'l4ckrs will bcnr.fit th,ugh increased shelf life. 

SHIPPING OF '-ARE ROOTS 

BRire ronis can he shipped in a gel of TERRA-SORB mixed with water at the rate of 1 lb. of TERRA-SORBto 20 oal:ons of water. Distribute the gel over the roots before shipping. Over 95% of the water absorbed isavaila­ble moilsure. Compared to peat moss, as an absorbent in shipping bare roots, TERRA--SORB istwice as effectivein terms of available moisture by weight of water. Additionally, TERRA-SORB: absorbs 40-50 times as muchwater as peat moss by weight. Since less water is necessary (because more is available) shippo;rs rcport weiqhtreductions up to 35%. One pound of TERRA-SORB will treat about 10,000 seedlings. Dnzens of state anri private
forestry nurseries now use TERRA-SORB to ship hundreds of millions of seedlings each year. 



lIndustrial Services Internationa!, Inc. 
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Product Bulletin (2) 

TERRA-SORB IN TRANSPLANTING 

TERRA-SORB can be used to help decrease transplant tecovery time and increaIse survival. Everythingj that 
grows requires moisture. rERRA-SORB gives the grower CONTROL over roisturc beyond th., n'-iseri. 

tests show that IERA-SORB actually improves root developrnert in hansplants. As TERRA---SORB comes in 
contact with water, each tiny flake of absorbent will swell to hundreds of times its weigh' holding water in a 
"resetivir" for lite ncw transplant. Whern setting oui. B & B, balled, or containerized trees, shrubs, or other plants, 
bpr'nklc TERRA-SORB into the hole where the ball wil! be wt at the rate of 1oz. re; foot of ball diameter. Water or 
mud ':ie ,,.;i,;plari in to inswue the absorbent is fully expanded. Back fill may be treated with TERRA-SORB at the 
r;ve of 2 3oz. per cubic foot of fill mix. This treatment will promote the growth and emergence of surfaco feeder roots. 

Small r,!art may be trn:ted by dipping the root ball (or bare root) into a gel ot TERRA-SORB and water mixed 
n! zhe rate of 4 o7. of TERRA-SORB per 5 gallons of water. Also TERRA-SORB may be used in watering tanks 
o, iie!d tran.iplanting marhines. Mix TERRA-SORB at the rate of i pound of absorbent to 30 gallons of water. 
It star!er ,'ert,;izer solution is used, gel the water before adding the fertilizer. TERRA--SORB will inhibit nutrient 
lea hirig aid help hold mcisture around the root ball. 

Somo :.f !hc ration's larg.st landscapers use TERRA-SORE in transplanting. During the it summer of 1980, 
TERRA-SORB wa;; used throughout the country aid the results and acceptance of the product nas been very good. 
Many growers ana landscapers will no, set transplants without TERRA-SORB 

In veq.2table and bedding plant transplants, the approximate cost of application is about $1.00 per thousand. 

Finally it should be noted that sandy soils need less TERRA-SORB than soils with high organic levels. Each initial 
u.ser of TERRA--SORB is encouraged to set up controlled tests of the absorbent to determnine the most appro­
priate rate to be used in his operation. For answers to specific que'-tions you may have regarding -ransplanting 
within your operation, contact your TERRA-SORB distributor. 
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Product Bulletin (3) 

TERRA-SORB IN LANDSCAPINC 

TERRA-SORB offers the landscaper CONTROL over moisture beyond the nursery with substantial savings in water, 
labor, energy and equipment wear and tear. Treatment of landscape materials with TERRA-- SO3 during installation 
costs little and assures the landscaper of less resets and labor. Basically, landscape materials can go up to THREE 
TIMES as long without watering when treated with TERRA-SORB. 

To the landscape contractor TERRA-SORB is an additional product line to boost profit margins on jobs and to 
give the contractor the "edge" on those jobs that are bid with full knowledge of impending moisture problems. 

TRANSPLANTING 

Broadcast TERRA-SORB into the hole before setting the ball at the rate of 1 - 2 oz. per foot of ball diameter. 
Water or rnud the transplant in to insure the absorbent is fully expanded. 

Back ii may be treated with TERRA-SORB at the rate of 2 - 3 oz. per cubic foot of fill material. This treatment 
will promote the growth and emergence of surface feeder roots. 

S0 D01N G 

Broadcast TERRA-SORB before laying sod at the rate of 350 to 750 square feet per pound. In extreme con­
ditions rake TERRA-SORB into the top 3- 4" of ground at the rate of 1 lb. per 200 to 300 square feet. 

SEEDING NEW LAWNS AND TURF 

When using TERRA--SORB in seeding new lawns, mix TERRA-SORB with dry seed at the rate of 1 lb. per 50- 100 
lbs. of seed. Water the seeded area in as usual. Seed will germinate faster and the germination rate will increase 
because of the additional moisture available to the seed. 

HYCROMULCHING AND I-YDROSEEDING 

Add TERHA-SORB intu holding tanks along with mulch, seed and fertilizer at the rate of 20 io 80 lbs. per acre 
depending on water stress anticipated. At the higher rates TERRA-SORB work-s as a tacker and binde, to help 
control wind and r-iin erosion. When using fertilizer, add TERRA-SORB before adding fertilizer to holding tank. 

INTERIORSCAPING 

Mixing TERRA-SORB into potting media or planter box - at the rate of 2-3 lbs. per cubic yard - will cut watering 
frequencies to one third, giving employees more time to spend on plant inspections and other routine maintenance. 
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PRODUCT BULLETIN (4) 
SEED " AT! "' 

Seed coating with moisture retaining superabsorbents is proving to be a highly effective means for 
reducing cost, increasing yield, and in other ways benefiting the grower. Some advantages which have 
been identifir.:d to date include: 

-	 Providing more uniform and vigorous stands. 

-	 Improving emergence. 

- Providing a synergistic means of applying insecticides, fungicids, growth promoting hor­
mones and other treatment agents to the seed. 

--	 Increasing the -urvivability of seedlings. 

Tne application of a sma!; amount of TERRA-SORB results in a remarkable increase in the level of 
moisture that will be immediately available to the seed and the emerging plant. When aseed that has 
bOe.n coated with TERRA- -.SOR3 isirrigated, the coating swells and expands, providing a "placental" 
gel around the seed. Up to 95 percent of the moisture contained in the gel isavailable to the developing 
plant. Resitar.ce co drought isprovided by the moisture envelope. 

insec.icides fungicides, growth promoting hormones and other such materials can be applied to the 
seL- along with TERRA-SOR B,The formation of the gel layer reduces the tendency of these materials 
to !each into the soil, thereby increasing their effectiveness. 

SEED COATING DESCRIPTION 

't is impractical to establish any coating procedure that is ideally suited to all seed forms. Rather than 
providinq a specific procedure we have established the following guidelines concerning the coating of 
seeds with TERRA-SORB. * 

lo coat seeds with ouir special seed coating TERRA-SORB (TS.200G), simply mix one pound of the 
TERrA-SOR. z.aed coating material with about one hundred pounds of seed. Since this form of 
'ERRA--SOCF has Leen prepared specifically for seed coating there is no reed for tackifiers or other 

additives. Thzi coated seed will not stick together, even under high humidity conditions. TERRA--SORB 
200G is free flowing. Itwill not clog seeding equipment. 

Seeds can also be coated with flake or powder forms of TERRA-SORB as follows: 

1. 	 Add seed to aclean, dry mixing vessel. 

2. 	 If necessary, add a slight amount of an adhesive material such as DuPont Spreader Sticker
 
(diluted according to label directions for u~e with seed disinfectants), or water to the seed,
 
while mixing, to promote adhesion of the TER RA-SORB.
 

'K' 

http:Resitar.ce


3. 	 Gradually add approximately one pound of TERRA-SORB per one hundred pound: of 
seed. Other additives such as fungicides may be added at this time. 

4. 	 Continue mixing until seeds are uniformly coated, then screen the seed mnxturo 1o remove 
excess material. 

5. 	 Dry the seed and store in adry, moisture proof container. 

We recommend conducting a trial run using a small quantity of seed prior to conducting a 

full scale coating procedure. 

OTHER SUGGESTIONS 

For certain applications, such as with grass seed, TERRA-SORB can be added directly to the spreader 
and mixed with the seed in a dry form. One pound of TERRA-SORB is normally adequate for fifty 
pounds of seed. 

Once seedlings have been established and are rep y for transplant, shock can be greatly reduced by 
dipping the roots in adilute TERRA-SORB gel. 

Prior to shipping, dip roots in a TERRA-SORB gel mixture to provide a moisture resolwvoirwhile in 
transit and storage. 

COST 

,he cort of using TERRA-SORB will add approximately five dollars to the cost of one hundred 
pounds of seed. 

OUESTIONS 

We weicorne your questions or comments and expect to hear from you soon. 
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QUESTIONS MOST ASKED ABOUT TERRA-SORB 

1. WHAT ISTERRA--SORB? 
TERRA-SORB is a super concentrated absorbent capable of absorbing hundreds of times its weight in 

plant available moisture. 

2. 	 AS AN ABSORBENT, IS TERRA-SORB better than peat moss? 
fifty times as much as peat moss by weight. Over 95% of moisture absorbedTERRA-SORB absorbs over 


is plant available moisture as compared to only 40- 50% of available moisture absorbed by peat moss.
 

3. Does'TERRA-SORB change the nature of the moisture it absorbs? 
NO. TE RRA-SOR D is insoluble. TE RRA--SOR B simply absorbs moisture and overcomes gravitational 
pull sioring the moisture in plant available form. 

4. 	 DOES TERRA-SORLB ALTER pH?
 
NO. XE -4 RA-SORB is neutral and works over a pH range of 4 to 14.
 

5. 	 WHAT IS THE EXPANSiON RATE OF TERRA-SORB?
 
The exppansion rate is between 25 and 30 times its size in seconds.
 

6. 0OESTEhRA--SORf CAUSE OVERWATERING AND ROOT ROT? 
NO. T'ERRA--S0RL improves aeration and drainage of the growing media. As TERRA-SORB particles 
expand thev open the soil rnidia by iorcing the particles apart, increasing aeration arid improving drainage. 

7. 	 DOES TERRA-SORVI EFFECT THE ION EXCHANGE CAPACITY OF THE MEDIA?
 
YES. Tests .3how TERRA-SORB promotes ionic exchange.
 

8. 	 HOW LONG DCESTERRA-SORB REMAIN EFFECTIVE?
 
The effective in-soil life of TERRA--SORB depends on such factors as soil acidity and alkalinity (pH),
 

mineral content, soil micro organisms and type of fertilizers. Typically, TERRA-SORB remains effective
 

for three to six months.
 

9. 	 WHY IS IT THAT LESS TERRA-SORB CAN BE USED IN SANDY SOILS?
 

Because the soil particles are larger and therefore provide more air space, TERRA-SORB particles can
 

more fully expand. In sandy soil TERRA-SORB is most efficient.
 

10. DOES TERRA-SORB LITERATURE EXPLAIN ALL APPLICATIONS WITHIN THE GROWIN' INDUSTRY? 

NO. The applications of TERRA-SORB are limited by the imagination of the user. TERRA-SORB is 

an absorbent - the grower best knows where moisture is a problem in q particular situation - TERRA--

SORB gives the grower a COST EFFECTIVE management tool for the control of moisture in any growing 

environment. 

11. 	 CAN TERRA-SORB BE USED AS A GROWING MEDIA? 

YES. TERRA-SORB isused asan alternative to agar and in fluid drilling (pregerminated seed gel planting). I 
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Product Bulletin (6) 

TERRA-SORB IN THE FORESTRY MARKET 

TERRA-SORB is one of the most cost effective innovations in forestry in '. " ur'ng the pdst twenty yea's 
much has been done in the industi V to ensure germination and qualit/ of forest seed. iMillionr, of doIla-s are spent 
yearly in the development of better seed and more seedling production. TERRA--SORD has across the board 
applications in the production of seedlings, transporting of bare rooted stock, and survival of outplantings. 

SEED BEDS 

Mix TERRA-SORB into the top 4 inches of soil at the rate of 4-6 lbs. per 100 running feet of a 4 foot wide bed. 
If the bed is mulched, TERRA-SORB may be used in the mulching operation at the rate of 1 Lb. per 30 - 40 
gallons of water in the mulching tank. 

SHIPPING BARE ROOTS 

Bare roots can be shipped in a gel of TERRA-SORB mixed with water at the rate of 1 lb. of TERRA-SORB 
to 20 gallons of water. The gel may be pumped onto the bare roots in the packing process. At the rate of 1 lb. per 
30 - 40 gallons of water, TERRA-SORB will flow through gravity feed systems with no worry of clogging. 
TERRA-SORB will not foul plumbing and is not as messy as clay or other shipping absorbents used today. 

Bare rmots shipped in standard forestry industry packs using TERRA-SORB as the absorbent will weigh as much 
as 35% less because more of the water absorbed is available and over 99% of the weight added to the seedling pack 
is water. Finally, bccause the root systems are coated with gel, survival will increase. 

After all, the bottom line in forestry isSURVIVAL. Anything that will increase the survival rate of outplantings is 
sure to be greeted by the industry. 

TRANSPLANTING CONTAINER GROWN ORCHARD STOCK 

When establishing and resetting tree orchards use TERRA-SORB in the transplanting operation. Sprinkle a level 
tablespoon of TERRA--SORB into the hole where the transplant will be set for each gallon of container size. 
Transplant shock will decrease and starter root aevelopment will be quicker. 
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SEEDINGSODDiNC AN1'.TERRA-SORB IN COM4BINATION WITH HYDROMULCHING, 


L	 . 

In hydromu.ching/hydroseeding, TERRA-SORB is mixed with the mulch, 
seed arid other additives to promote and speed germination,
water, 


increase thc-.IfiformitV of growth and to aid in minim.zing erosion.
 
In additio, rERIA-So-,P improves fluid flow since it c 1 :s as a
 
lubricant.
 

P.PPMCATION IN HYDROMULCHING
 

1. Add water mulch and other materials co the tank as usual.
 

2. 	While the tank .s being agitated, gradually add the required quantity
 

of TEikRA-SO.)!.
 

3. Apply hydror,.flch using, usual application procedure.
 

(Over)
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APPLICATION IN SODDING/SEEDING
 

1. Distribute TERRA-SORB over 
the area prior to sodding.
 

2. Lay sod or seed.
 

3. Wa'ek thoroughly.
 

APPLICATION RATES
 

Site Condition 
 Rate Per Acre
 

Flat, moderate rainfall 20 Pounds
 

Slopes, moisture stressed 50 Pounds
 

Steep slopes, dry site 100 Pounds
 

Application rates should be adjusted to suite site conditions.
 

TERRA-SORB is 
a product of Industrial Services International, Inc.
 

Should you have questions or comments please contact:
 

INDUSTRIAL SERVICES INTERNATIONAL, INC.
 
P.O. BOX 10834
 

BRADENTON, FLORIDA 33507
 

(813) 792-7778 

Copyi:ight 1983 by Industrial Services International, Inc.
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TERRA-SORB 200G
 

SUPER SEED MOISTURIZER
 

rOR
 

SEED COATING
 

o Improves germination 
o Promotes faster growth
 
o Increa3es yield 
o Provides more uniform stands 
o Lubricates planting equipment 
o Saves t *me and money 

HOW IT WORKS: 

Moisture absorbing particles in TERRA-SORB 200G expand as they drawmoisture from water or 
humid air in the soil. In expanding, they
form a gel reservoir at the seed surface. 
 Moisture held by the gel
softens seed tissues promoting rapid germination. Plants grow faster
because !nlosture is readily available to the seedling.
 

Please note that 7ERIA-SO.B 200G is not a fertilizer. 

HOW IT IS APE'LIED" 

Simply mix TERRA-SORB 200G powder with dry seed in the ratio of one
pound per hundred pounds of seed. 
 It Is idea]. for hopper box
application. Because TERRA-SORB 200G contains graphite, 
it
lubricates planting machinery, maximizing planting efficiency.
 

RES13LTS• 

Yields with wheat, oats, sunflowers and other food crops have been
 
increased by 12% to 15%.
 

Yields qith soybeans have increased by up to 26%. 

Mr. Leo Necaise of Dogwood Acres Nursery in Hope Mills, NorthCarolina states, "...I used some of the TERRA-SORB 200(3 product in
sowing 
some Kentucky 31 Tall Fescue recently. The results were
certainly pleasing and more than I expected. The seed germinated a
lot faster and took hold sooner and grew taller." He want on to say,You can rest assured that we'll be using more of this fine product inthe future. 
 The results certainly justified the low cost involved."
 

Copyright 1983 by Industrial Services International, Inc.
 



Industrial Services International, Inc. 

TELEX 89-8388 (AEMPOWER/WHEN) 
P.O. Box 10834 u Bradenton, Florida 33507 U.S.A. Phone (813) 792-7778 

INDUSTRIAL SERVICES INTERNATIONAL, INC.
 

TERRA-SORB "SUPER SOIL MOISTURIZER"
 

INTERNATIONAL BULK PRICE SCHEDULE
 

JANUARY 1, 1983. (U.S.$)
 

COST PER KG.*
 

NUMBER OF KILOGRAMS TERRA-SORB TERRA-SORB
 

200G 

UP TO 250 8.80 9.99 

251 TO 500 6.60 8.23 

50 TO 1003 5.94 7.57 

1001 TO 2500 5.70 7.27 

2501 TO 5000 5.42 6.98 

5001 TO 7500 5.15 6.70 

7501 TO 10000 4.99 6.50 

10001 TO 18000 4.89 6.37 

OVER 18000 CONTACT US FOR QUOTE 

PACKAGING SIZE IN BOXES 25KG 34KG
 

TERMS; *$250.00 PER ORDER EXPORT DOCUMENTATION FEE.
 

PRICES F.O.B. LUMBERTON, NC, U.S.A.
 

IRREVOCABLE CONFIRMED LETTER OF CREDIT BY U.S. BANK.
 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE. PLEASE CONFIRM
 

PRICES PRIOR TO ORDERING.
 

IF YOU REQUIRE PROFORMA INVOICES PLEASE TELEX 89-8388
 

(AEMPOWER/WHEN). 



Industrial Services International, Inc.
 

TELEX 89-8388 (AEMPOWER/WHEN)
 
P.O. Box 10834 * Bradenton, Florida 33507 U.S.A. w Phone (813) 792-7778 

TERRA-SORB SPECIFICATION GUIDE FOR LANDSCAPE ARC1IITECTS
 

I. TREES AND SHRUBS
 

High Med Low High Med Low 
AMOUNT IN OUNCES COST (1) 

1 gallon 1 3/4 1/2 .28 .21 .14 

3 gallon 2 1 1/2 1 .56 .42 .28 

5 gallon 2 1/2 1 3/4 1 1/4 .70 .49 .35 

7 gallon 3 2 1 1/2 .83 .56 .42 

15 gallon 6 4 3 1.67 1.12 .83 

24" box 16 12 6 4.44 3.33 1.67 

30" box 24 18 9 6.66 5.00 2.50 

36" box 30 22 12 8.33 6.24 3.12 

42" box 42 32 16 11.66 8.88 4.44 

48" box 54 40 20 14.99 11.24 5.62 

METHOD
 
Distribute evenly throughout the pit or amend backfill.
 
Plant and water-in thoroughly.
 

II. SODDING, GRASSING AND HYDROMULCHING
 

POUNDS PER 1000 SQ.FT. COST(1)PER SQ.YD.
 
Sodding, Seeding
 
& Hydromulching 3 1 1/2 1/2 .12 .06 .02
 

METHOD
 
Broadcast before sodding or seeding, or include in tank
 
along with mulch in hydromulching.
 

IIt. TERRA-SORB 200G, SEEDCOATING
 

COST (1)
 
Grassing ONE LB PER 100LBS OF SEED 9.00
 
(Dry Broadcasting)
 

METHOD
 
Mix dry with seed just prior to broadcasting. No tackers
 
are necessary.
 

(1) Price based upon the suggested distributor selling price as of
 
January 1983.
 

Copyright 1983 by Industrial Services International, Inc. #5 
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1.0 MATERIAL SPECIFICATIONS
 

1.1 Physical Structure - Brown, flake material resembling 
sawdust in appearance and texture. 

1.2 Absorption - Distilled water/l% saline water. 200/115 
times dry weight. 

1.3 Absorption Rate - 80% absorption in 60 seconds ­
balance in one hour. 

1.4 Efficacy - Proven highly effective over three years by 
leading universities, landscapers and growers. 

1.5 Composition - Ingredients: 100% active ingredients
 
comprised of hydrolyzed starch polyacrylonitrile coplymer
 
using potassium hydroxide.
 

1.6 Subject to biodegradation - Effective life in soil 
typically six months to over one year. 

1.7 Product Safety - Necessary precautions in dealing with 
chemicals as recommendated, ie., dust masks in windy 
conditions, do not permit to come in contact with open 
cuts, etc. No evidence of any hazards to personnel have 
been reported. 

UNIVERSITIES ATTESTING TO EFFICACY
 

OKLAHOMA STATE UNIVERSITY
 

VIRGINIA POLYTECHNIC INSTITUTE 

UNIVERSITY OF GEORGIA 

UNIVERSITY OF KENTUCKY 

AUBURN UNIVERSITY 

NORTH CAROLINA STATE UNIVERSITY 

TEXAS A&M UNIVERSITY AGRICULTURAL EXTENSION SERVICE 

\4~
 



Industrial Services International, Inc. 

TELEX 89-8388 (AEMPOWER/WHEN) 
P.O. Box 10834 " Bradenton, Florida 33507 U.S.A. , l:",.one (813) 792 7778 

FORESTRY AND ORNAMENTAL USERS 

We have compiled : list of TERRA-SORB users who apply the 
material in a dip treatment w.hen transplanting into the field 
or potting up, and/or as a packing media for bare root 
shipments. Please call these individuals concerning their
 
results with TERRA-SORB.
 

FOREST TREE NURSERIES 

Mr. David Fisher, Kentucky Dam Nursery, Gilbertsville, KY.,
 

502/362-8331. Has used TERRA-SORB since 1980 on all seedlings 
shipped from this nursery. 

Mr. Tony Simms, Columbia State Nursery, La. Dept. of Forestry, 
Columbia, LA., 318/649-7463. Used TERRA-SORB on all seedlings 
shipped from this nursery since 1981. 

Mr. Arthur R. Guthas, hiwassee Land Company (Dowaters
 

International), Chatsworth, GA, 404/334-2422. Has used
 

TERRA-SORB since 1981 for all seedlings shipped from the
 
nursery.
 

Mr. James H. Hill, Hiwassee Land Company, Calhoun, TN.,
 
615/336-2211. Has used TERRA-SORB since 1980 on all seedlings
 
shipped from the nursery.
 

ORNAMENTAL GROWERS
 

Mr. Rex Whitehill, Mid Western Nursery, Mt. Arbor Division,
 
Shenaboah, IA., 712/246-4250. Has used TERRA-SORB since 1980
 
on many of their seedlings. Mid Western Nurseries is one of
 
the largest nursery operations in the U.S. with annual sales
 
exceeding $40,000,000. This Mid Western Nursery drop ships for
 
Burpee Seed, and has approval for using TERRA-SORB with Burpee
 
shipments.
 

Mr. Leslie R. Hobbs, Warren County Nursery, Inc., Mc Minnville, 
TN., 615/668-8941. Has used TERRA-SORB since 1980 as a dip 

treatment for field planting ornamentals and as a packing media 
for bare root shipments. At the Southern Nurserymen's annual 

trade show in' August 1982, Mr. Hobbs stated he would not set 

anything without using TERRA-SORB. During the planting season 

of 1982 seedlings were field set using TERRA-SORB as a dip
 

treatment. Although it did not rain for nearly six weeks after
 

planting, TERRA-SORB treated seedlings survived without
 

irrigation. Warren County Nursery is the 51st largest nursery
 

in the country.
 

I rV 
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ORNAIENTAL GROWERS, Cont. 

Mrs. Sandra Panter, John Aubrey Panter Nursery, Mc Minnville,
 
TN., 615/668-8961. Has used TERRA-SORB since 1980 for dip
 
treatment and shipping purposes. Mrs. Panter includes a
 
package of TERRA-SORB, with instructions, in shipments to
 
customers so the customer can dip seedlings as they are being
 
planted. All seedlings shipped from this nursery are packed in
 
TERRA-SORB.
 

Mr. Robert E. German, Five-M Nurseries, Inc., Lindale, TX.,
 
214/882-3131. Ships millions of roses and crepe myrtles
 
nationwide. Has used TERRA-SORB since 1980. 

Mr. Robert H. Eastman, President, Western Maine Nurseries,
 
Inc., Fry., MA., 207/935-2161. Has used TERRA-SORB as a
 
packing media since 1981.
 

I hope this list of users will be of help to you. During the
 
past three years the use of TERRA-SORB in bare root
 
applications has swelled to over 400 million seedling now being
 
treated with our product. Our product represents years of
 
research and observation by hundreds of researchers and
 
growers. TERRA-SORB is recognized as the most important
 
contribution to this industry in many years. Survival rate is
 
the bottom line in determining the total cost of a properly
 
managed forestry operation. TERRA-SORB will enhance survival
 
and reduce costs.
 

Our firm is dedicated to promoting the use of superabsorbent
 
technology and assisting you in using this valuable technology.
 
Should you have questions or comments do not hesitate to
 
contact us.
 

James J. Quinn, President
 
INDUSTRIAL SERVICES INTERNATIONAL, INC.
 

P.O. Box 10834
 
Bradenton, Florida 33507
 
Phone (813) 792-7778
 

Telex 89-8388 (AEMPOWER/WHEN) 
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WHAT OTHERS SAY ABOUT TERRA-SORB
 

trees and shrubs
 
"We have been using...TERRA-SORB in planting holes 

for 

Lewis
 

and in establishing ground covers...for four years now..." 


Eberpacher, Landscape Architect, North Texas State 
University, Denton,
 

Texas.
 

better germination, iess drying out, and
 "...TERRA-SORB provides for 

Bud Heist, Heistaway Gardens, Conyers
simply cuts down handling time." 


(Atlanta), Georgia
 

"We found that newly planted seed flats, seed beds, 
transplanted flowers
 

and shrubs and all growing plants are well protected with 
TERRA-SORB. In
 

addition TERRA-SORB reduces labor and saves production costs." Sara
 

Groves, Horticulturist, Georgia Institute of TechnoLogy, 
Atlanta,
 

Georgia, Board of Directors, Bedding Plant Institute.
 

"In our landscaping project at Paces West Condominiums we 
used TERRA-SORB
 

TERRA-SORB helped minimize
between the ground and the sod that we laid. 


shock to the sod and quickly established a green cover." 
Doug Dorough,
 

President, Dorough Landscaping, Lilburn, Georgia.
 

our watering frequency with excellent results.
"...we have decreased 

mulch, with limited
Until now we have tried everything from hay to 


Ear the best thing we have tried." Craig

success. Your product is by 

Nelke, Superintendent, Beth Cemetery, Woodbridge, New Jersey.
 

"I used...TERRA-SORB 200G recently...results were certainly 
pleasing and
 

The seed germinated a lot faster...the results
 more than I expected. 

involved." Leo Necaise, Dogwood Acres
certainly justify the low cost 


Nursery, Hope Mills, North Carolina.
 

"The TERRA-SORB that I have used in my bare root planting has been very
 

effective in keeping the plants alive and fresh...I am very pleased 
with
 

Hobbs, President, Warren County Nursery,
the results." Leslie R. 

McMinnville, Tennessee.
 

"Last August, we transplanted 37 - 4"-8" caliper Sweet Gum trees using a
 

44" tree spade...weather conditions were daily highs of 100 degrees 
plus,
 

the next eight days. We
not watered for
and no rain. The trees were 

were very surprised...that we had not lost a single tree...We now 

specify
 
Bill Miralle, Texan
TERRA-SORB in all planting and sod laying..." 


Landscaping Company, Houston, Texas.
 

irrigation is a problem, the use of TERRA-SORB is invaluable."
"...where 

Bret Graves, Hydro Lawns, Inc., Dallas, Texas.
 

"We used TERRA-SORB in our 4-inch Poinsettias last season and 
were very
 

pleased with the results." Dirk Hazeleger, President, Alpharetta
 

Greenhouse, Alpharetta, Georgia. ( 
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WHAT RESEARCHERS SAY ABOUT TERRA-SORB 

OKLAHOMA STATE UNIVERSITY 
Dr. Carl E. Whitcomb and Phillip Gibson
 

TERRA-SORB can be used to replace peat without restricting growth.
 

AUBURN UNIVERSITY 
Dr. Frederick B. Perry
 

TERRA-SORB can be effectively added to pine bark media to reduce water
 
stress and increase nutrient retention.
 

UNIVERSITY OF GEORGIA
 
Dr. Vivian Munday
 

TERRA-SORB increased germination, increased the water holding capacity
 

and reduced watering requirements of plants grown in a soilless growing 
media. 

UNIVERSITY OF KENTUCKY 
David Hensley
 

TERRA-SORB increased survival of maple trees by 298 percent.
 

VIRGINIA POLYTECHNIC INSTITUTE 
TERRA-SORB increased the percentage of green cover and resulted in a 56 
percent increase in root strength (turf application). 

NORTH CAROLINA STATE UNIVERSITY
 
Dr. Roy Larson
 

Preliminary studies indicate that TERRA-SORB may increase the
 
effectiveness of growth regulators.
 

Copies of the reports from which these statements are extracted are
 

available from our office upon request.
 

Industrial Services International, Inc.
 
P. 0. Box 10834, Bradenton, Fl 33507, USA
 

(813) 792-7778
 
Telex 89-8388 (AEMPOWER/WHEN) 
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HERE ARE JUST A FEW OF OUR 

TERRA-SORB FORESTRY CUSTOMERS 

Weyerhaeuser Company U.S. Forest Service
 
Enumclaw, WA Willow Creek, CA
 

U.S. Forest Service Mich.-Calif. Timber Co.
 
Greenville, TN Camino, CA
 

U.S. Forest Service St. Regis
 
White Bird, ID Libby, MT
 

BLM U.S. Forest Service
 
Coos Bay, OR Upper Lake, CA
 

Crown-Zellerbach Tom Benedict
 
Joyce, LA McKinleyville, CA
 

U.S. Forest Service Nekoosa Paper Co.
 
Priest Lake, ID Port Edwards, WI
 

State Forestry State Forestry
 
North Carolina Missouri
 

State Forestry State Forestry
 
Texas North Carolina
 

State Forestry State Forestry
 
Tennessee Kentucky
 

U.S. Forest Service U.S. Forest Service
 
Albuquerque, NM Willows, CA
 

U.S. Forest Service Boise Cascade Corp.
 
Gasquet, CA Medford, QR
 

Tom's Lumber Company Oregon State Forestry
 
Coos Bay, OR The Dalles, OR
 

Superior Forestry Service Crouch Forestry Services
 
Leslie, AR Wilburton, OK
 

U.3. Forest Service U.S. Forest Service
 
Orleans, CA Aurora, MN
 

Hiwassee Land Company Hiwassee Land Company
 
Chatsworth, GA Calhoun, TN
 

toS
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TilE EFFECTIVENESS OF SUPERABSORBENT MATERIALS 

FOR MAINTAINING SOUiLERN PINE SEEDLINGS DURING COLD STORAGE 

by 2/ 

Charles R. Venator and John C. Brissette
 

Abstract.--First year survival and growth of loblolly pine
 

seedlings packaged with seven different
(Pinus taeda L.) 


superabsorbent polymers, and planted within 48 hours or after
 

30 days cold storage, were evaluated on a Mississippi \nd Louisiana
 

site. Differences in survival were significant at the Mississippi site
 

with several superabsorbent treatments being superior to the clay
 

slurry control. Total height differences among treatments were
 

not significant at either the Mississippi or Louisiana site.
 

l/ The use of trade, firm, or corporation names of materials is for the
 

Such use does not constitute official
reader's iii'ormation and convenience. 


Cindor.;ement or approval by the U.S. Department of Agriculture 
of any product
 

.,r the exclusion of others that may be suitable.
efvicU Lo 


2/ Authors.are Research Plant Physiclogist, Southern Forest 
Experiment
 

SLationl, Pinuville, Louisiana and Nursery and Tree Improvement Specialist,
 

State and Privatc Forestry, Jackson, Mississippi, respectively.
 



INTRODUCTION
 

Successful establishment and good early growth of outplsnted seedlings are 

iwporLawt elements in any reforestat:ion program. The increasing use of
 

genetically iwproved southern pine seedlings and high site preparation costs
 

iake planting success even more imporant. It is essential, then, that seedlings
 

begin root regeneration and height growth as quickly as possible.
 

The iiiethod of seedling packing and storage following lifting is
 

likely to influence the survival and growth of pine seedlings. Many southern
 

nurseries pack seedlings in Kraft-polyethylene bags. Just before the bags are
 

sealed, many nurserymen spray the seedling roots with a kaolin clay slurry to
 

help maintain a moist root surface and provide protection from exposure. This
 

process is felt to be superior to the Yorest Service bale which has been used
 

for rminy years and is still used in some areas. 

In 1973, a research team at the USDA Northern Regional Research Center
 

discovered that a starch-poly-acrylonitrile polymer was cappble of absorbing
 

up to 300 timies its weight in water. Since this product (commonly called
 

superabsorbenrs) has been in the public domain, it has been tested for
 

;uveral uses in agriculture and related disciplines. Among the potential
 

1,1ts jr', sud co.itings, soil amendments, rooting media, and root coatings to 

'Ci;,ird drying (Doane and Mayberry 1979, Copley 1980).
 

S,.uu'alsorbents are used at some forcst tree nurseries as a ioot 

coating Lo prevent dryJing. However, the effects of superabsorbents on seedlLng 

survival and growth have not been reported in detail. In a North Carolina 

sLudy, setudlings dipped in a superabsorbent imediately prior to outplailt.ng 

did not survive as well as seedlings dipped in water or clay slurry (Goodwin 

1982). 

2 
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Superabsorbents axe produced in several formulations by various 

niILufacturers. Difference's among superabsorbents are primarily in the base 

material and in their texture. Finer textured materials generally have 

gruater water holding capacity. 

te objetctive of this study was to examine the effects of several 

different superabsorbents used in seedling packaging on survival and growth 

after a period of cold storage. 

MATERIALS AND METHODS 

In mid-January 1981, seven water absorbing substrates were mixed at 

the W. W. Ashe Nursery in Mississippi according to the instructions supplied
 

by their respective manufacturers. The superabsorbants used were of various 

Five of
textures from a coarse, sawdust-like material to a flour-like powder. 


the .,.1sorberiLs were starch based, two were synthetic based. Bundles of 30 

loblolly pine (Pinus taeda L.) seedlings were collected from a single seed lot 

that had been processed normally on a grading table. Seedlings were graded to 

dipped into one ofWi.keley's grades I and 2. These seedlings were then hand 

OLj water ab;,urbing substrates and packed inside a Kraft-pplyethylene bag. 

A±s a cunLtlul, graded seedlings operationally sprayed with clay slurry ane 
,.
 

ilivn ba.g d were used. Separate groups of treatments were planted within 48 

liotirs ,fLtu lifting at satidy loam sites cn Erambert Seed Orchard in Brouklyn, 

Missi: sjppi and the J. K. Johnson Tract of the Palustris Experimental Forest 

In addition, two groups of treatments were packagedj.ri cuirral Louisiana. 


,,11.I :;to'rd at 340F fur 30 days prior to outplanting at the same planting sites.
 

Thc s±udlings were planted in four complete blocks of randomized row plots.
 

['acii pht consisted of 50 seedlings spaced two feet within the row. The 

iisdividual rows were also spaced at two feet. The seedlings were hand planted
 

ti,,i g dlibles. 



RESULTS AND DISCUSSION
 

SurvivaL 

Differences in first year survival among treatments were statistically 

significan~t at the Mississippi planting site but not in Louisiana. At the 

Johnsoni Tract.in ouisiana, the trend was for better survival among seedlings 

packed with some of the superabsorbents (table 1). With no storage, the
 

best survival was observed for seedlings packed in Terra-Sorb 200 and ES 148 

fine. Survival of these two treatments was uniform throughout the four 

blocks. However, the remaining treatments had highly variable results as 

indicated by the very high standard errors associated with the treatment 

weans. The sawe problem was observed for seedlings stored 30 days. Terra-

Sorb 200, 201, 250, and Water-Lock Bo-lO0 had high survival rates and relatively 

low standard errors of the means. The remaining treatments had high standard 

errurs associated with their means. 

At the Erambert Seed Orchard site inMississippi,' seedlings treated 

wiLh Terra-Sorb" 1000, ES 148 20 mesh, and Water-Lock B-100 had significantly 

butter sur-1ival, regardless if stored or planted within 48 hours (table 2). 

Clay ,.lurry, Terra-Sorb 200, and Terra-Sorb 201 treatments gave the poorest 

,,ivivaI, with signilicant reductions in survival of seedlings stored 30 

dys vL.r:.;us thu~e planted within 48 hours. Survival of seedlings treated 

wii, 'Iv-ri-Sorb250 was better after 30-day storage than without storIge. 

4.
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'lhat statistically significant differences were detected among
 

not in Louisiana can be attributed totreatmients planted in Mississippi but 

The standard error
diffeLuncus in variation of survival at the two sites. 

mean of each treatments was much lower for the -Mississippi plantingof Lie 

than the Loui!iana. planting. High variability of the standard errors 

a wider range In percent survival among individual plots of each
reflects 


treaLLOLAt, and consequently a lack of statistical significance among the 1ueans 

of Lhe Louisiatia d3ta. 

the Louisiana site, poor survival was often associated with individual
At 

row plots. This is illustrated by the plot survival data for Terra-Sorb 1000 

This was the best treatment in Mississippi averaging 94.5stored 30 days. 


perucelt survival, but in Louisiana the 4 plots had 82, 96, 86 and 6 percent
 

survival, respectively. Other treatments showed similar trends which raise
 

suspicion that some factor other than drought stress, perhaps planting 

technique, was responsible for low survival of individual plots.
 

5.
 



il)ght Growth 

There were no Z.atistically significant differences in first year 

total height aniong the treatments planted at each site, whether the seed­

lings were planted within 48 hours or stored for 30 days. Mean heights of
 

treatiencs .ranged from 19.2 cm to 25.9 cm at the Louisiana planting site
 

(cal.i 3). 'Seedling planted without storage averaged only 0.4'cm taller 

than LIose planted after 30 days storage. At the Mississippi planting 

site, treatnent means ranged from 25.4 cm to 31.7 cm tall (table 4). The 

mean of seedlings planted within 48 hours was 1.1 cm greater than the mean 

h,.iJ;,1L of seedlings planted after 30 days storage. Better height growth 

was expectLed from seedlings planted at the Mississippi site as it is more
 

productive than the Louisiana site used in this study.
 

CONCLUSIONS
 

this study indicate that some superabsorbents are
The survival results of 


effective root packing media for maintaining bare-root seedlings, either for promj:
 

pla.ting or for holding in cold storage up to 30 days storage. Those super­

the finer textured materials which apparently
absorbents chat were best were 


tiave grcdte1" water holding capacity.
 

Bhased on one year results, superabsorbenLs do not appear to offer any growth
 

aiV,;ntag',.es over treatment with clay slurry. However, there do not appear to
 

be any negative effects of superabsorbents on seedling growth either. At
 

.
Ic1,i- Llhree souLhern forest tree uurseries have converted their piJe .eud] ng lapc 

olap.a. ions from kaolin clay slurry to a supurabsorbent without any rer,,rred 

aeaiVV u'ffe(crS. 

Of course, seedlings packed in Kraft-polyethylene bags with superabsorbents, 

as with clay slurry, must be kept in cold storage between 1/20 C and 5' C until 

Lhey are planted.
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AlLhough we.are unable to specify the best superabsorbent for seed­

materialthey represent a promising packing
ling packaging, we feel that 

for barLe-root pine seedlings. 
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Toble I.--Percent survival of loblolly seedlings root dipped with various water 

.hiburbunts prior LO outplanting In central Louisiana in January and 
February 1981. The seedlings were checked for survival in December 

198J. Fifty seedlings were planted in each plot. Differences among 
Luw .nwanswere not statistically significant at the P < 0.05 level. 

Trearments • 1 : 2 : 
Blocks 
3 : 4 :V + S.E. 

-% survival ------------

Outplanced wiLliu 48 hours 

Turra-Sorb 200 
Terr,-.Surb 20] 
Turr,,-Sorb 250 
Trra-Sorh 1000 
ES 148, flie 
E.S 448, 20 mesh 
Waiter-Lock IS-10 
Kolin slurry 

86 
90 
88 
94 
78 
64 
86 
72 

84 
88 
78 
12 
62 
90 

2 
76 

84 
78 
22 
10 
88 
18 
54 
20 

82 
48 
86 
94 
78 
82 
IA2 

28 

84.0 + 1.6 
76.0 + 19.3 
68.5 + 31.3 
52.5 + 47.9 
76.5 T 10.8 
63.5 + 32.2 
46.0 + 34.7 
49.0 + 29.1 

Sirud for 30 days 

Terra-Sorb 200 
Terra-Sorb 201 
Turra-Sorb 250 
Tvrrn-Sorb 1000 
,S-148 fin 

1,S-148, 2( . 
WaLr-Lck 1-100 
Kaolin slurry 

66 
92 
68 
82 
18 
14 
90 
18 

78 
92 
84 
96 
12 
72 
70 
82 

84 
80 
94 
86 
86 
78 
60 
90 

62 
88 
90 

6 
38 
64 
82 
92 

72.5 + 10.2 
88.0 + 5.7 
84.0 + 11.4 
67.5 + 41.4 
38.5 + 33.6 
57.0 + 29.2 
75.5 + ]3.2 
70.5 + 3,.3 

8
 



root dipped with various water 
'r,,L* 2.--Prcent sut'vival of loblolly seedlings 

in January and February
absorbents prior to outplanting in Mississippi 

Fifty
1981. nic suedlilngs were checked for survival in December 1981. 


d Ings were planted in each plot. Means and standard errors followed 

by different letters are statistically significant at the P 0.05 level.
 

: Blocks
 
T .:1 2 3 4 t S.
 

survival-------------­------------ -% 

(hi LpiaiiLed witilii 48 hours 

78 86 80 81.5 + 3.4 cd82
Terra-Sorb 200 

76 80.5 ; 5.3 cd80 88 78
Tvrra-Sorb 201 

76.0 + 5.9 d68 82 78 76

Terra-Surb 250 

92.0 + 4.3 a92 98 88 90

'rLrr;i-sorb .1000 

91.0 + 4.8 ab84 94 94 92:S 14h, fine 
98 94 92.5 + 4.4 a

ES Ji4, 20 mesh 88 90 
94 98 90 90.5 + 7.7 ab80
WaLer-Lock Bs-100 

86 88 90 84.0 4 8.2 bc

Kaolin slrry 72 

Scored for 30 days 

64 46 56 44 52.5 +. 9.3 c
'rrra-Sorb 200 

52.5 + 16.8 c58 30 70 52TLrr;j-Surb 201 
94 86.5 + 8.2 a

''urra-.orh :'50 76 84 92 

88 92 98 100 94.5 + 5.5 a
'lI't ,i-Sorb 1)00 

80 96 86.5 + 7.2 a
ES-148, fine 88 82 
100 90 94 94.5 + 4.1 a

ES-146, 20 mesh 94 
90 94 90 90 91.0 + 2.0 a

WOLur-L.ock 11-100 
66 58 58 86 67.0 + 13.2 bK;,olin ;Jiiry 
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of loblolly pine seedlings whicI were roor
'r,,Id.e, 3.--ileight growth 

various water absorbents prior to outplantingdIpp.d with 
in central Lnulsiana in January and February 1981. The data 

represents the mean height of the survival seedlings from 
50 
were
 

tree plots in December 1981. Differences among the means 

rio statistically significant at the P < 0.05 level.
 

'rrca tmn)( )ts : 1 2 

....-------------

Blocks3 4 

Heights in cm 

OULplanted wirlhin 48 

Trra-Sorb 200 
Terra-Sorb 201 

Terra-Sorb 250 
Terra-Sorb 1000 
ES 148, fine 
ES 148, 20 mesh 
Water-Lock B-100 
Kaolin ulurry 

LOred for 30 days 

Terra-Sorb 200 
irra-Sorb 201 
1'erra-Sorh. 2 5 0 

Trra-Sorb 1000 
ES-148, fine 
lS-t.',. 20 mesh 

Wat'-ltk B-100 
Km1ii s1,irry 

hours 

24.8 
27.0 
27.6 
27.3 
22.8 
23.3 
18.4 
22.8 

28.5 
22.2 
25.8 
23.1 
24.4 
18.3 
26.0 
25.b 

26.6 
28.1 
23.1 
15.5 
22.2 
27.7 
19.0 
23.5 

20.4 
24.2 
22.7 
25.6 
18.0 
18.0 
19.8 
19.8 

25.8 
24.2 
18.9 
20.2 
26.4 
19.0 
23.0 
15.1 

24.7 
20.9 
22.5 
23.2 
27.7 
25.0 
24.5 
22.6 

11.9 
24.5 
23.8 
26.3 
19.8 
24.3 
20.2 
15.4 

18.9 
22.6 
24.5 
13.0 
16.9 
20.0 
26..8 
21.1 

24.8 + 2.0 
25.9 + 1.9 
23.4 + 3.6 
22.3 + 5.5 
22.8 + 2.7 
23.6 . 3.6 
20.2 ± 2.0 
19.2 + 4.6 

23.1 + 4.4 
22.5 + 1.4 
23.9 + 1.6 

21.2 +-5.1; 
21.8 + 5.2 
20.3 + 3.:! 
24.3 1+3.1 
22.3 + 2.5 
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I.,IL, i4.--Height growth of loblolly pine seedlings which were root dipped 

wLIh various water absorbents prior to outplanting in central 
The data representsHisissippi in January and February 1981. 


le mean height of the surviving seedlings from 50 tree plo.s in
 

December 1961. Differences among the means were not statistically
 
.significant at the P < 0.05 level.
 

Blocks 

: 1 2 3 4 ­
Tru.tment.s 


--------------- Height in cm 

Outplanted within 48 hours
 

T1rra-Sorb 200 28.6 32.9 29.0 29.7 30.1 + 2.0
 
29.9 33.9 30.2 _ 2.6
TL'rra-Sorb 201 29.8 29.1 


Terra-Sorb 250 24.8 30.2 31.2 32.4 29.7 + 3.4
 
41.6 31.7 ± 6.9Tera-Sorb 1000 30.3 28.8 25.9 


ES 148, fine 27.9 29.4 24.9 32.7 28.7 + 3.2 

ES 148, 20 mesh 26.8 28.8 26.5 32.2 28.6 ; 2.6
 
31.1 31.1 30.9 + 0.4Water-Luck B-100 30.3 31.1 

Kaolin slurry 25.4 24.9 27.3 25.9 25.9 + 1.0 

SL(,,rad for 30 days 

Terra-Sorb 200 25.2 29.1 '24.0 .31.4 27.4 + 3.4 

Tctra-Sorb 201 25.2 26.6 24.7 24.9 25.4 + 0.9 
'r~a-Sorb 250 27.6 27.4 28.7 33.1 29.2 + 2.7 

Tcra-Sorb 1000 
I:S I.',8, fine 
LS 148, 20 mesh 
1ir',*urr-Lock B-300 
Kaolin slurry 

25.8 
24.3 
24.8 
25.2 
25.7 

27.8 
27.1 
29.4 
29.8 
29.2 

. 

30.9 
26.7 
27.3 
28.6 
30.3 

36.6 
37.1 
29.3 
29.2 
36.4 

30.3 + 4.7 
28.8 + 5.7 
27.7 + 2.1 
28.2 + 2.1 
30.4 + 4.5 
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SECTION V
 

Perry, F.B., Jr. undated. Effeots of Terra-sorb on Water Retention, pH and
 
Nitrogen Retention of All Pine Bark Medium. Auburn University.
 



and Nitrogen
Effects of Terra-Sorb on Water Retention, p1l 


Retention of an All Pine Bark Medium
 

Irt:d B. Perry, Jr.
 

Alabama Agricultural Experiment Station
 

36849
 
Department of Hort.culture, Auburn University, 

AL 


Nature of Work: Terra-Sorb 2(00 is a polymer composed of a natural starch
 

It acts in a medium to absorb water 
polymer and a synthetic polymrr. 


internally very rapidly resul.ing in a swelling 
of each particle to many 

Wien water it removed from the particle, the 
times its original volume. 


is introduced again.

polymer returns to an unswoll.m state until water 


an all pine bark
 
Four rates of Terra-Sorb and a control were used 

on 


or
filled with unamended pine bark,
Four-inch plastic co-itainers were
medium. 


4 pounds of Terra-Sorb per cubic yard.
 with the pine bark medium plus 1, 2, 3, or 


five times using a 200 ppm N, P, K from a soluble
 Pots were fertilized from one to 


The volume of fertilizer solution for each fertilization was
 
20-20-20 source. 


There were four replications per
equivalent to the volume of the container. 


a complete randomized block arrangement.
treatment in 


idded gel was dutciirined by weight
flhe w ter retention effurL' of the 

differences between pots containing the 
air dried medium and the weights of the
 

the medium ware watered, placed
 
same pots at field capacity. Pos containing 


24 hours, watered again and allowed to drain 30
 under mist (2.5 sec./5 min.) For 


rhe weight of the media without the
 
,,in. before wet weights were determined. 


;added gel was considered the standard and added amount of water held by.the Terra­

a percent increase over this control. The
 
Sorb amended media was calculated as 


were watered the second day, drained 30 min. and percent water hold.­
same pots 


5 times
Pots were then fertilizer 1, 2, 3, 4, or 
ing capacity again determined. 


Samples of media at each Terra-Sorb
 with 200 ppm N, P, K from a 20-20-20 source. 


/-lq- ,
 



level fertilized one to five times were dried for analysis. Soluble salts,
 

pH and total nitrogen was determined for each.
 

Results and Discussion: Results indicate that Terra-Sorb gel does increase the
 

water retention in a pine bark medium. The weight of 4 inch (10 cm) containers
 

at field capacity increased the first day of watering by 41, 85, 117 and 131 per­

cent. The comperative increase to pine bark only the second day was 19, 50, 66
 

and 70 percent (Table 1). Apparently the bark was not at complete moisture
 

equilibrium on the first day.
 

The use of Tarra-Sorb to enhance the water holding capacity also increases
 

the nutrient holding capacity of an all pine bark medium. Solubridge readings
 

increased from .15 millimkos/cm to .18 millimkos/cm on bark media amended with
 

one to three lbs./yd.3 of gel respectively with little change in pH (Table 2).
 

Soil nitrogen increased similarly for the same amended media (Table 2). The
 

amount of nitrogen was increased 3%0 with one pound of gel/yd.3 , six percent with
 

two pounds of gel/yd. and nine percent with three pounds of gel/yd.3 . Neither
 

soluble salts nor soil nitrogen was increased in media containing gel amendments
 

above three pounds/yd.3 Generally the nitrogen content of media with added gel
 

increased about one percent with subsequent fertilizer applications.
 

The use of Terra-Sorb gel as an amendment to pine bark media in small
 

pots seems to have at least two primary benefits. First, at the rate of two
 

pounds/yd. 3 , initial water retention was increased 85 percent over that of bark
 

alone, and increased 50 percent over untreated bark later. Second, soluble
 

nutrients were apparantly held in greater amounts with the increased water
 

retention as indicated by increased solubridge readings with increased amounts
 

of gel used. This fact is further borne out by the increased retention of nitrogen
 

3 
with increasing amount of gel used up to three pounds/yd.
 



The use of Terra-Sorb at two - three pounds/yd.3 could aid both the grower
 

and retailer of plants grown in small pots of pine bark media by reducing water
 

stress and increasing nutrient retention in the container. As watering frequency
 

increases so does the leaching out of soluble nutrients. The use of the gel not
 

only increases the retention of soluble nutrients but reduces leaching of these
 

nutrients by reducing watering intervals.
 

References
 

1. 	 Bearee, B. C. and R. W. McCollum. 1977. A comparison of peat-lite and non com­

posted hard-wood bark mixes for use in pct and bedding plant production and
 

the effects of a new hydrogel soil amendment on their performance. Flor.
 

Rev. 161(4169):21-23, 66.
 

2. 	 Bryan, Herbert and G. 3. Stout. 1979, Fluid drilling. Am. Veg. Grower 27(5):
 

27-30.
 

3. 	 Gehring, J. 1. and A. 3. Lewis, Il. 1980. Effects of hydrogel on wetting
 

and moisture stress of bedding plants. J. Amer. Soc. Hort. Sci. 105(4):511-513.
 

4. 	 Munday, Vivian. 19B0. Effects of Terra-Sorb on the water holding capacity of
 

Metro-Mix 300 and on the germination of Phasealus vulgaris 'Topcrop'. SNA
 

Nurs. Res. J. 7().
 

5. 	 Still, S. M. 1976. Growth of 'Sunny Mandalay' chrysanthemums in hard-wood
 

bark amended media as affected by insolubrized poly (ethylene oxide).
 

HortScience 11:483-484.
 



Table 1. Effect of Terra-Sorb on Pinebark Water
 

Holding Capacity in a 4" Pot
 

ist. Day Watering 2nd Day Watering 
Lbs 3 Gel per Mean Increase % Increase Mean Increase % Increase 
Yd. in g in g 

0 11.18 17.1
 

1 15.75 +41 20.4 +19
 

2 20.68 +85 25.6 +50
 

3 24.22 +117 28.4 +66
 

4 25.78 +131 29.0 +70
 

Table 2. Effect of Terrg-Sorb Additive to Pinebark Media Soluble Salts 1/
 

=== =anda TotalNFirogenjAfter Fertilization
 

Lbs 3Gel per Solubridge Reading Total Nitrogen
 
Yd:, in Millimhos/cm pH ,oin mix , increase
 

0 .15 4.7 .33 ----­

1 .15 4.7 .34 +3%
 

2 .16 4.7 .35 +6%
 

3 .18 4.8 .36 +9%
 

4 .18 4.9 .36 +9,
 

1/ Solubridge and pH determined on 1 soil;2 water extract.
 

-17-(
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SECTION VI
 

Munday, V. undated. Effeot of Tera-sorb on the Water Holding Capaoity of
 
Metro-mix 300 and on the Germination of Phaeelu. vulgari., "Toporop".
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EFFECT OF TERRA-SORB ON THE WATER HOLDING CAPAC'TY OF METRO-MIX 300
 

AND ON THE GERMINATION OF PHASEOLUS VULGARIS "TOPCROP"
 

Vivian Munday 1 
Department of Horticulture 

University of Georgia 
Athens, Georgia 30602 

Abstract. TERRA-SORB 200, an organic water absorbing agent, was evaluated for
 

its effectiveness in increasing water holding capacity and for reducing required
 

watering of a soilless growing medium. In addition, germination percents and rates
 

of Phaseolus vulgaris, "Topcrop," bush bean, with different rates of TERRA-SORB 200
 

were compared. Water holding capacity increased and required watering decreased
 

with increased rates of TERRA-SORB 200 in 10 cm containers. There were similar
 

changes in 15 cm containers at the lowest rate, but additional rates did not
 

bring further changes. Germination improved in the 10 cm containers but not in
 

the 15 cm with the addition of TERRA-SORB 200.
 

TERRA-SORB 200,. an organic water absorbing agent, is designed to provide more 

uniform moisture conditions in plant growing media. The action of TERRA-SORB is 

not the same as that of wetting agents, which usually decrease the surface tension 

of water making it easier for the medium to absorb. TERRA-SORB is added to the 

medium and becomes gel-like when water is added. The water is gradually released 

from the gel as the surrounding environment becomes dry. By absorbing and releas­

ing moisture in response to the changes in water concentration in the surrounding 

medium, TERRA-SORB might aid in preventing both over-and underwatering. Information 

distributed by the company indicates that it can absorb up to 200 times its weight 

in water and can increase the water holding capacity of the medium by up to 50 percent., 

lAssociate Professor, Department of Horticulture, University of Georgia, Athens,
 

Georgia 30602. The assistance of Dr. J.H. Tinga and Douglas Bailey is gratefully
 

acknowledged.
 



METHODS AND MATERIALS
 

Eight treatments wert established using Metro-Mix 300 as the basic medium. 

This product was chosen as fairly representative of the media used by growers 

in the Southeast. There were 16 replications per treatment. Three rates of 

TERRA-SORB 200 ard a control were used for each of two container sizes. Four­

and six-inch plastic containers were filled with unamended Metro-Mix 300, or with 

the Mix plus one half, 1 and 1 times the recommended rate of TERRA-SORB 200 of 

1.1kg per cubic yard. Metro-Mix 300 is sold in 3 cubic-foot bags, therefore,
 

the amount of TERRA-SORB per bag would be 130 gm at the normal rate. 

Phaseolus vulgaris "Topcrop" was chosen as the test plant because it has a
 

large amount of transpiration surface area. It would, therefore, be expected
 

to respond rapidly to changes in soil water content. A standard weight was
 

established as a basis for determining when to water each treatment. This was
 

done by filling each container with an equal amount of air dry medium by weight.
 

The containers were subirrigated until moist at the surface, then additional
 

water was added at the top and excess allowed to drain for 30 minutes. The
 

weight at this time was considered the weight at field capacity. Three seeds 

were planted in each container. It was found that wilting occurred at air dry 

weight in &ach container. Therefore, when the weight of the container decreased 

to 28 g above air dry weight, it was brought to 56 g above field capacity, which 

allowed a slight amount of leaching to occur. 

A sensitive means for measuring container weight was designed. A container 

for each treatment was weighted to equal the weight at the lower water limit 

and placed in a second container at the end of a balance. Each day, plants 

from each treatment were placed in an empty container suspended from the opposite 

end. It was easily determined when water was needed. The amounts of water required 

and germination times and numbers were recorded daily. 



by ... USTRIALSorbesis distributed 
TERRA-SORB, formerly distributed as 


Viterra 2, manufactured
 
SERVICES INTERNATIONAL, XNC., Bradenton, 

Florida. 


It is marketed
 
is another readily available hydrogel. 
by Union Carbide Corp., 


in small quantities designed for 
retail sales'to be used by homeowners 

in potting
 

soil or garden plots. However, it has also been used by 
growers at the rate of
 

It would, of course, be
 
2.75 pounds (1.1 kg) per cubic yard 

of potting soil. 


advantageous to both producers and retailers if a 
margin of safety could be
 

over- or underwatering containerired plants 
due to
 

provided in the event of 


inadvertant practices or unavoidable 
environmental cond. tions.
 

Bearee and McCollum (1) found that 
Viterra 2, a similar hydrogel compound,
 

improved the available water capacity 
of both peat-lite and non-composted 

bark.
 

Chrysanthemums grown in the
 
In addition, aeration and drainage 

were improved. 


amended media were of better quality 
and had longer shelf life than control
 

Still (4)reported better growth of chrysanthemums 
inViterra 2 amended
 

plants. 


However, an optimum level was reached 
beyond which dry weight decreased.
 

soil. 


He suggested that rates lower than those 
recommended were equally satisfactory.
 

Gehring (3)found that hours to wilting 
increased for bedding plants grown in
 

media amended with Viterra 2, Hydrogels have been used in fluid drilling 
tech-


There is
 
niques as an effective means of planting 

pregerminated seed (2). 


relatively little information on the use 
of hydrogels in the germination medium.
 

This experiment was designed for the 
purpose of evaluating the effectiveness
 

of TERRA-SORB, first, in increasing the 
water holding capacity of the medium;
 

In addition, it
 
and second, in decreasing the required frequency of watering. 


was of interest to compare the germination rate 
of seeds planted in medium with
 

or without TERRA-SORB added.
 

N-c 



RESULTS
 

The results of this study indicated that TERRA-SORB 200 does increace the
 

water-holding capacity of this medium. The weight of 4-inch (10cm) containers
 

at field capacity increased by 9 percent, 18' percent, and 36 percent as the rate 

of TERRA-SORB 20 increased (Table 1). The increase in weight of 6-inch (15 cm) 

-containers followed a similar pattern with increased of 16, 22 and 38 percent (Table 

1). The weight at the wilting point was reduced by 8 and 16 percent for the 4­

inch (10 cm) and 4 and 9 percent for the 6-inch (15 cm) containers at the two
 

higher rates of TERRA-SORB 200 (Table 1). The amount of water required was reduced
 

for the 15 cm container by the addition of TERRA-SORB 200 at the 4 x rate; however,
 

higher rates brought no further reduction. There was no improvement in germination.
 

Water requirements were reduceJ and germination improved with increasing rates of
 

TERRA-SORB 200 in the 10 cm containers. The improved germination resulted in a
 

much higher proportion of small containers with 100Z germination. These results
 

are shown in Tables 2 and 3.
 

DISCUSSION
 

Perhaps one of the most interesting points brought out by this study is
 

the change in results with change in container size. Most growers recognize
 

the advantages of large soil volumes. However, most growers have also found
 

that they are able to realize more doliar return per square foot of bench space
 

by growing plants in smaller containers. In addition to the advantage of more
 

rapid turnover, they are finding an advantage in the increasing contumer demand
 

for less' xpensive, easy -to-carry small sizes. This is particularly the case
 

when products are sold through mass merchandising outlets. Often in this type of
 

retail situation plants suffer water stress, and the small containers provide very
 

little safety margin. Under such circumstances, the use of TERRA-SORB 200 could
 



aid in preventing plant stress by helping minimize wide fluctuations in water 

levels of the medium. Each individual should test a small number of containers
 

at earious levels to determine the optimum rate under his conditions.
 

Although in this study germination was not improved in large soil volumes 

by the addition of TERRA-SORB 200, growers germinating seeds in small containers 

might benefit from its use. It would be particularly important to growers 

seeding directly into small containers intended for sale without transplanting. 

The data prsented in Table 3 seem to indicate that the x rate in Metro-Mix 300 

is adequate. However, higher rates would be beneficial in reducing frequency 

of watering. Based on our results, we would suggest the addition of TERRA-SORB 

200 to media used in small containers but would suggest it be used only at the 

x rate, if at all, in larger containers.
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Table 1. 	Average weight of 10 cm or 15 cm pots of Metro-Mix 300 treated 
with various rates of TERRA-SORB 200 at field capacity and at onset 
of wilting of Phaseolus vulgaris. 

Treat- 10 cm 15 cm 
ment ** _ 

Field capacity Beg. wilt Field capacity 

% Change % Change % ChAnge
Gn from control* Gm from Control* Gm from control* Gm 

0 
z
 

Control 341 0 	 186 0 1147 0 713 


'-4 

o x 372 9 186 0 	 1333 16 713 

1 x 403 18 	 170.5 -8 1395 22 682 


o 1 x 465 36 155 -16 

0) 

*Changes significant at the .05 confidence level. 

**Rates of TERRA-SORB200 per cubic yard, IX = 

54a) 

'.4 

z 

M; 

1581 	 38 651 


1.1 Kg (2.42 lbs.)
 

Beg. wilt
 

% Change
 
from Control*
 

0
 

0 

-4
 

-9
 



-ulgaris growing in
 
Average water requirement of Phaseolus 
Table 2. 

10 cm or 15 cm pots of Metro-Mix 

300 treated with various
 

rates of TEP R-sORB 200. 

15 cm10 cmTreat-
% Change
Change
men**% 
 from control
ml
ml from control* 


0
310
0
217
Control 


-20
0 248-37
136
>o 


-20
248
-45
116
I X 


-20
0 248-55
97
1 


*Changes significant at the .05 confidence level. 

= 1 Kg (2.42 lbs.).
**Rates of TERRA-SORB200 per cubic yard, IX 

$4 

z
 

zC', 
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Table 3. 	 Average percent germination of Phaseolus 
vulgaris seeded in 10 cm or 15 cm pots of 
Mvetro-Mix 300 treated with various rates 
of' TERRA-SORB 200. 

Treatment * 10 cm 	 15 cm 

48 	 94
Control 


x 83 88 

1x 83 92 

1 x 90 92 

*Rates of TERRA-SORB200 per cubic yard, iX = 1.1 Kg 

(2.42 lbs.) 



SECTION VII 

Nemeo, So undated. Inooulattrn of Citru. in the Field with Vimioular 
Arbufoular Myoorrhixai Funa± i. honda. Tropieal Vgrioulture (in pr..). 



Inoculation of Citrus in the Field with Visicular Arbuscular
 

Mycorrhizal Fungi in Floridal**
 
2
 

S. Nemec
 

Abstract
 

The vesicular arbuscular mycorrhiza] fungi Glomus etunicatus and G.
 

mosseae were used to inoculate citrus by banding inoculum below seed in a
 

seedbed experiment, and by dipping plant roots in inoculum with sticking
 

tests. Maximum potential plant
agents in aqueous slurries in three field 


growth was not reached with the highest inoculum level, .40,000 chlatydospores,
 

Seedling plants dipped in slurries of inoculum contain­in the seedbed test. 


gum arabic grew better than noninocu­ing carboxymethylcellulose, casein or 


Growth of plants dipped in slurries containing G. etunicatus
 lated controls. 


and four hydrogels was generally significantly better than 
that of their
 

respective controls, but all controls including the control 
not dipped in
 

hydrogels were infected by indigenous species. Root-dip inoculation has a
 

practical use in nursery citrus production.
 

Key Words: Endomycorrhizal fungi, hydrogels, root-dip inoculation, Glomus
 

species.
 

IThis paper reports the results of research only. Mention of a pesticide
 

does not constitute a recommendation for use by the U.S. Department of
 

Agriculture nor does it imply registration under FIFRA as amended. Mention
 

of a trademark or proprietary product does not constitute a guarntee by the
 

U.S. Department of Agriculture and does not imply its approval to the exclusion
 

of other products that may also be suitable.
 

**This paper has been submitted for publication to Tropical Agriculture and is
 

considered to be "In Press".
 

2Agricultural Research Service, U.S. Department of Agriculture, Orlando, 1L, 3280:
 

I wish to thank Victor Chew, USDA Statistician for portions
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of the statistical analyses.
 



of C!Ltru. in the Field wiLh VuLICular Arbuscu]alInouUJ;LIton 

Mycorrhizal Fungi in Floridj
 

S. Nemec
 

Introduction
 

A wealth of applied and basic information has been presented on.the
 

symbiotic vesicular arbuscular (VA) mycorrhizal fungi during the
biology of 


some resistance to plant
last decade. Because these fungi confer to the host 


pathogens and significantly benefit tite nutrient status of the plant, they
 

have a potential application in agricultural practices. Currently, there is
 

a strong interest by researchers in developing commercial sources of VA
 

inoculum.
 

Although most studies with VA fungi have been done in greenhouse pots,
 

studies have been done in the field with greenhouse­an increasing number of 


These field studies
preinoculated plants or with inoculum added to plots. 


have shown that growth or yield of sweet gum (2), yellow poplar (23), peach
 

(11), soybean (4, 21), corn (8), geranium (20), wheat (9), red clover (7),
 

barley (3), and onion (14) were improved by inoculation. In addition, inocu­

lated citrus, which is highly mycorrhizal dependent, grew significantly
 

better than noninoculated plants in studies done in South Africa (12),
 

Texas (24), and Florida (16, 22).
California (5, 18), Illinois (10), 


In most of these studies, plants or seed were inoculated by adding pot
 

culltures of inoculum containing spores, sporocarps, infected root fragments,
 

and extramatrical mycelium to the soil in which they were grown (2, 7, 10,
 

11, 12, 16, 21, 22). Hayman et al. (7) used a variation of the crude inoculum
 

technique by fluid-drilling wet-sieved inoculum and pre-germinated seeds
 

suspended in 4% methylcellulose into the row. Other researchers used chlamy­

dospores to inoculate either seed or rooted cuttings (4, 6, 8, 20). Both
 



IiH ingh ind (,urdumann (7) and Wa' ut .. (4) obtainud a growth respunsv by 

methvlcullulosu and pulyacrylamide gul,pelleting seed wi0h spores using 

respectively.
 

Presently, it is noL practical to inoculate large-scalt laatings of
 

citrus in Florida by most of the above-mentioned methods. Compared to green­

house studies, field inoculations require large amounts of inoculum, 
which
 

are presently unavailable. Furthermore, attempts to concentrate crude inocu­

sucrose gradient techniques require additional time
lum by wet-sieving and 


and expense; and most nurserymen do not have greenhouses in which to inoculate
 

Other practical techniques to inocu­plants pzior to planting in the field. 


late citrus have been considered. This report describes a root-dip method
 

th;!. requires minimal quantities of inoculum compared to other methods, and
 

defines additional parameters of the technique to amend soil with inoculum.
 

Materials and Methods
 

Four field tests were established with citrus seed or seedlings and
 

Gerd. & Trappe, and C. etunicatus
inoculum of Glomus mo seae*(Nicol. & Gerd.) 


In test I, a seedbed was established at the USDA HIawassee
Becker and Gerd. 


Farm (Orlando) and fumigated with 2.24 kg methyl bromide/ha. Rows 1.2 m wide
 

were established in the bed and trenches were dug along each row, 10-13 cm
 

deep and 25-28 cm wide. Pot culture soil containing 0, 500, 1000, 2500,
 

5000, 10,000, 20,000, and 40,000 chlamydospores of each species was applied
 

Each plot for each
in 1.8-m linear replicates for each rate to the rows. 


species was a randomized complete block design with four replications per
 

The inoculum was covered with some of the soil excavated from the
 treatment. 


trenches. About 50 sour orange (Citrus aurantium L.) seeds were planted in
 

This plot was fertilized monthly with a
each replicate on March 10, 1981. 


16-0-16 granular fertilizer and growth data were collected on December 1,
 

1981.
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Roots of greenhuuse-grown nonmycorrhizal seedlings mere dipped in
 

slurries of inoculum containing sticking agents and hydrogels in the remain­

ing three tests. In test II, Cleopatra mandarin (C. reticulata Blanco)
 

seedlings were dipped in 2000 ml of 1% aqueous carboxymethylcellulose (CMC)
 

amended with pot culture inoculum containing 4360 chlamydospores of G.
 

etunicatus, and in a slurry containing 2720 G. mosseae chlamydospores. Thil
 

test was set up in a citrus nursery at Avon Park, FL, April 10, 1980, in so:
 

treated with 1,3-dichloropropene (1,3-D) at the rate of 55 liters/ha, and
 

growth response was determined December 9, 1980.
 

Test III was established March 27, 1980, at Hiawassee Farm. Roots of
 

'Cleopatra' mandarin seedlings were dipped in 2000 ml of 4% aqueous gum
 

arabic and 4% casein, each containing pot culture inoculum of 1600 G. mosse
 

Plants were also dipped in 1500 ml water containing 4% gum
chlamydospores. 


arabic or 4% casain with 1200 G. etunicatus chlamydospores. Soil in this
 

plot was treated with methyl bromide at the rate of 1.12 kg/ha several week
 

prior to planting. Plant growth was determined in November 1980.
 

In test IV, four additional sticking agents were used in a test at
 

Hiawassee Farm in April 1981. These compounds were chosen from a selection
 

or hydrogels which ircludes starch-based, synthetic acrylic, and clay-based
 

products for use in agriculture. Rough lemon (C. limon L. Blanco) seedling
 

root systems were dipped in aqueous suspensions, with and without inoculum, 

containing 0.56% Terra-sorb , 0.75% Laponite , 0.56% Viterra-2® , and 2.5% 

a volume of 7560 ml and amended withAgra-gel Each slurry was made up to 


82,500 G. etunicatus chlamydospores from pot cultures. Plant growth was
 

measured in November 1981.
 

In each experiment, terminal growth was used as a measure of plant
 

response; however, in the three experiments involving root-dip inoculation,
 



uxLtnuiui) grOwLi Und Stem caliper WUTU ut;uUl1y Laken. Extunslun growth wa. 

determined by weasuring thu length of all the branches and adding that Lo Lile 

height value. A noninoculated plant was always used as a control in these
 

tests, noninoculated plants dipped in the sticking agents were usually used
 

as controls, and a seedling preinoculated in the greenhouse was used to
 

determine if inycorrhizal plants were effective in the sites selected. -Ex­

periments II, Ill, and IV were arranged in a randomized complete block design
 

with four replicates in tests II and III and three replicates in test Iv.
 

Six needlings were planted in each replicate. No root infection was evaluated
 

in the first test. At the termination of each of the last three tests,
 

mycorrhizal fungus infection was evaluated in roots. 
 Infection was estimated
 

in roots of plants in all treatment replicates in test III, and estimated in
 

the remaining two tests by pooling into one sample roots from all the repli­

cates of each treatment. Roots were examined for fungus infection by the
 

Phillips and Hayman technique (19). The tests at Hiawassee Farm were ferti­

lized monthly with 16-0-16. Soil was collected from all plots for mineral
 

analysis.
 

Results
 

Heigbt and top weight data for sour orange seedlings grown from seed 

planted in soil amended with inoculum levels of G. etunicatus and G. mosseae
 

in test I were evaluated by regression analysis (Fig. 1). Linear regression Fig. 1
 

for height (Fig. 1A) indicated that the lines for both G. etunicatus and G.
 

mosseae were parallel, each indicated a gradual increase in height as 
rates 

increased. The R2values for G. etunicatus and G. mosseae were 0.48 and 0.31, 

respectively. A similar parallel relationship for top weight occurred between 

these two species (Fig. I.B). The R2 values for top weight were 0.44 for G. 

etunicatus and 0.58 for G. mosseae. For C. etunicatus, no inoculum level was
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reached beyond which no further increase in height or top weight occurred.
 

For G. mosseae, it appeared that at 10,000 chlamydospores no additional
 

increase in top weight was realized with additional inoculum. Although each
 

Glomus species was inoculated in adjacent sites, sour orange seedling growth
 

was consistently better with G. etunicatus.
 

In test Ii, terminal height of Cleo seedlings root-dipped in a CMC
 

slurry of G. etunicatus was significantly greater than in noninoculated
 

seedlings (Table 1). Seedlings preinoculated in the greenhouse were alsu Talile I
 

taller than the control, however, extension growth of inoculated seedlings in
 

these two treatments was not significantly different from the control. The
 

presence of infection in roots of the noninoculated control indicated that
 

the 1,3-D used for nematode control did not effect control of mycorrhizal
 

fungi in this plot.
 

In test III, Cleo seedlings dipped in Blurrieb of inoculum and gum
 

arabic grew significantly better than the noninoculated control in the 
test
 

with gum arabic and casein as stickers at Hiawassee Farm (Table 2). Casein Table 2
 

Stem diameter
appeared to be less effective in this regard than gum arabic. 


appeared to be more sensitive than terminal height as a measure of response
 

to the treatments. The presence of infection in the control indicated that
 

methyl bromide did not effectively control indigenous mycorrhizal fungi in
 

the soil.
 

Three growth parameters were measured and compared in test IV with four
 

Terminal height of rough lemon root-dip- Table 3
hydrogel sticking agents (Table 3). 


inoculated with each hydrogel did not significantly differ from the height 
of
 

their respective controls, nor from the noninfected and infected controls.
 

Extension growth suggested that inoculated rough lemon in each root-dip
 

treatment grew consistently better than the hydrogel controls; however, this
 

. None o the inoculated
was only statistically significant with Viterra-
2
 



II I)t t r nun ExLentI CaLmU1L . 1rt'wW i..L; U"t I v hsai thtIi iI t-et Vd . TL I oI uII 

growth of til preinoculated plants was significantly better than the non­

inoculated treatments. Stem caliper of inoculated plants in Laponite and 

Stem caliper
these treatments without the fungus.
Viterra-2 was superior to 


of preinoculated seedlings was significantly greater than the seedlings in
 

Infection occurred in plants of all treatments of this
all other treatments. 


Infection based on vesicle and hyphal development and Table 4
 
experiment (Table 4). 


percentage of infection were consistently better in the root-dip-inoculated
 

plants than in the appropriate controls. Infection in all of the noninocu­

lated controls indicated that methyl bromide did not completely eradicate
 

indigenous mycorrhizal fungi.
 

At planting, the Hiawassee seedbed soil contained 13 ppm nitrogen (N)
 

At the end of the test, these levels were 10 and
and 36 ppm phosphorus (P). 


42 ppm, respectively. The Hiawassee Farm hydrogel plot contained 27 ppm N
 

and 46 ppm P at the beginning of the test, and 10 ppm N and 36 ppm P at the
 

the end of the
end. The Avon Park site contained 10 ppm N and 60 ppm P at 


At the beginning of the
test; no soil samples were collected at planting. 


no soil analysis was
1980 Hiawassee Farm test, the soil contained 129 ppm P; 


made at the end of the test.
 

Discussion
 

Florida citrus nurserymen have for years sown seed outdoors early in the
 

To meet the burrowing nematode certification
year in seedbed plantings. 


requirements and to minimize problems of soilborne fungus pathogens, these seedbeds
 

have been methyl bromide treated. Stunting problems arising from complete
 

control of mycorrhizal fungi have been partially corrected in these seedbeds
 

by applying about 2,240 kg superphosphate per ha (1 ton/acre). This practice
 

<V
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shorLage of availab]e nursery land, many nurserymun have had to reuse seelfbed 

has raised the Pland in alternate years. Re-treating this soil with P 

content of the plant to levels which can inhibit mycorrhizal fungus infection 

by banding below seed, in
in roots. Addition of mycorrhizal fungus inoculum, 

in tests. 
nursery seedbeds has generally failed Lo increase growth numerous 

this type made at Hiawassee Farm, one in (16, 17). However, two tests 	of 


have proven that this inoculation
 this study and one in a previous one (16), 


In
 
technique is effective even in soil with a low to moderate 

P level. 


general, growth of plants inoculated with both Glomus species 
in this study
 

as inoculum level was increased.
progressively increased 


ineffectiveIn nursery seedbeds, inoculum 	banded beneath seed may be due 

plants (13). Also, the inoculum may not 
to inhibition by high P content in 

because of the time interval between application and seed germina­
survive 

tion, the inoculum may become parasitized, or it may be killed by pesticides. 

in inoculum slurries may eliminate some of the
The technique of dipping roots 

The time interval
problems associated with banding Inoculum in the soil. 

between intimate contact of inoculum and a susceptible root is shortened, 

thus reducing the inoculum survival factor. Covering the entire root system 

with inoculum could result in more infection points, creating a more uniform 

and complete infection of the root. This inoculation procedure would be a 

between digging plants from the seedbed and transplant­suitable step to use 

ing to the nursery row. 

The hydrogels at the rates used form a slurry with an even consistency 

and appear to be the safest and most economical of the stickers 
available.
 

Their use did not result in phytotoxic or plant growth inhibition 
responses,
 

although Laponite may have slightly inhibited infection due to its high pH.
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They have been used successfully in fluid drilling of prieerminated vege.le
 

seed for moisture retention purposes (1). Casein, gum arabic, and CIC did not
 

tnix uniformly in slurries, and CMC in previous tests (17) at levels of 4.5 to
 

11% caused stunting and plant death. The inoculum levels used were the
 

highest quantities of inoculum available for use at the time. Growth response
 

occurred over the wide range of inocula used, but further tests need to be
 

done to determine the optimum quantities needed.
 

Soil P levels were not high enough in these experiments to be considered
 

a factor limiting infection in roots. A major factor affecting the results of
 

these experiments was the contamination of control plant roots by indigenous
 

species. It is unknown how much this infection affected plant growth of
 

either the controls or the treatments. Fungus colonization of control plant
 

roots, however, was expected in the site treated with 1,3-D, because 1,3-D is
 

not toxic to Glomus species at low rates (15).
 

This study reports on a slurry root-dip technique to inoculate citrus
 

with vesicular-arbuscular mycorrhizal fungi that may have a practical applica­

tion in citrus nursery production. The root-dip technique is especially
 

valuable since it would allow the nurseryman to inoculate only the most mycor­

rhizal-dependent rootstocks if he preferred, or allow him to match species
 

with rootstocks once the most effective endomycorrhizal species have been
 

identified and cultured. Other inoculation techniques may prove useful in the
 

nursery industry. Fluid drilling of inoculum in the furrow with pregerminated
 

seed may speed up the inoculation procedure, and methods to inoculate greenhouse­

grown seedlings should be studied, also, in the future.
 

\AA 
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Fig. 1. A) Obseirved and estimated (linear regression) effect of Glomus 

etunicatus and C. mosseae chiamydospore number on height of sour orange 

citrus seedlings. B) Observed and estimated (linear regression) effect 

of __.etunicatus and G. mosseae chiamydospore number on top weight of 

sour orange seedlings. Data points are the means of eight seedling plant
 

replicates per treatment.
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Table. 1. Plant growLh aijd fungus developnent it)TOOLS-o1 Cleopatrij 

mandarin seedlings Oip-inoculaed in aqueous slurries of carboxy­

methyl.-cellulQse (CMC) amended with Glomus mosseae and G. etunicatus.
 

Terminal Extension
 

% Roots infected withx
height growth 


' (cm) (cm) Vesicles Hyphae Fungus

Treatmentsz y 


CMC + G. etunicatus 105.3* 1 69 .3N 
'S 21 55 56
 

' " 

2 NS 

' 

CMC + G. mosseae 9 5 . 151.8 ­

99.4NS" 190.5N'

CMC 

-

G. etunicatus
 

infected controlw 108.7* 1 55 .1N
'S. 23 77 77
 

88.1 143.8 19 66 66
 
Noninfected control 


ZOne percent CMC amended with soil inoculum containing 4,360 G.
 

etunicatus or 2,720 G. mosseae chlamydospores in 2,000 ml water. 

YTreatment means compared with noninfected control by Dunnett's test. 

Xpercentage infection evaluated in 100 root pieces/treatment.
 

Wpreinoculated in a greenhouse.
 



grOwLh1 and fungus development in rooLs o( Ceopatr
Tablu 2. PlanL 


gum arabic
mandarin seedlings dip-inoculated in aqueous slurries of 


and casein amended with Glomus mosseae and C. etunicatus.
 

Stem Fungus
Terminal 


infectionx
caliper
height 


z,y
Treatments (Cm) (mm)
 

4.9 '5
11.4*
86.8*

Gum arabic + G. etunicatus 


s 4 2N'S"
Casein + G. etunicatus 79.4 N 
1 0 .8Ns" 


31N S "
 
11.3*
91.7**
mosseae
Gum arabic + G. 


S
 .
 
82.9N.

S " 11.9*** 71N
 
osseae
Casein + G. 


73NS.
12.9***
93.2**
G. etunicatus-infected 


control
 

33
75.9 9.8
Noninfected control. 


ZFour percent gum arabic and casei' each amended with soil inoculum
 

. etunicatus
containing 1600 G. mosseae in 2000 ml H20, and 1200 


chlamydospores in 1500 ml water.
 

YTreatment means compared with noninfected control by Dunnett's
 

test.
 

XPercentage infection evaluated in 30 root pieces per replicate.
 

WPreinoculated in a greenhouse.
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Table 3. GrowLh of rough lemon seedlings dipped in Glomus 

etunicatus (G.e.) inocula with and without hydrogel sticking
 

agents.
 

Growth parameters*
 

Terminal Extension Stem
 

growth caliper
Treatment height 


(cm) (cm) (cm)
 

e
b 
 1.44 bcd
101.3a 366.0a

Terra-sorb + G.e. 

1 0 0 .7a 2 6 2 .3bc 1.34d e 

Terra-sorb - G.e. 


a bc
a 1.53b
322.7
105.5
Laponite + G.e. 

a 
26 7 .0bc .37cde96.7 1

Laponite - G.e. 
cd
b


102.2 a 369.7a 1.46 b


Viterra-2 + G.e. 


c 
 1.32e97.7 a 225.7
G.e. 


a 
34 6 .7abc 1.47bc
 

Vitecra-2 ­

Agra-gel + G.e. 99.6


28 2.7bc 1 .4 1bcde
 1 03 .1 a
Agra-gel - G.e. 


1 07 .1a 23 9 .7bc 1 .44bcde
 
Noninfected control 


a 1.67a
108.2 442.3a 

G.e.-infected control

z 


*Means sharing the same small letter in each column are not
 

significantly different according to Duncan's Multiple Range
 

Test at the 5% confidence level.
 

ZPreinoculated in a greenhouse.
 

http:108.2442.3a
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Vesiclu and hyphal development and perccastlhu iniectiull
TabIv 4. 


by vesicular arbuscular mycorrhizal fungi in rough lemon 
roots
 

dipped in Glomus etunicatus (G.e.) inocula with and without
 

hydrogel sticking agenrs.
 

Infectiony
 

Treatment Vesiclesz HyphaeZ (%) 

Terra-sorb + G.e. 1.34 2.21 90 

Terra-sorb - G.e 0.03 0.76 45 

Laponite + G.e. 0.44 1.10 63 

Laponite ­ G.e. 0.01 0.48 .21 

Viterra-2 + G.e. 0.76 1.84 93 

Viterra-2 - G.e. 0.40 0.51 43 

Agra-gel + G.e. 0.63 1.75 87 

Agra-gel - G.e. 0.01 0.34 21 

Noninfected control 0.20 0.50 20 

G.e.-infected controlx 1.00 1.85 07 

=
ZRatings: 0 no vesicles n'r hyphae, 1 - 1-50 vesicles or light 

hyphal infection, 2 = 51-100 vesicles or moderate hyphal develop­

100 + vesicles or heavy hyphal development.menL, and 3 = 


YPercentage infection based on number of 100, 1-cm-long fibrous
 

root pieces infected per treatment.
 

XPreinoculated in a greenhouse.
 



SECTION VIII
 

Johnson, C.R. and J.A. Menge. Jan. 15, 1982. 1yoorrhixae a Save Fertili3er 
Dollars. American Nurseryman, pp. 85-87. 
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will not be discussed further. 
Ectomycorrhizae are associated with 

and other trees. 
wdlow and biruh, eucalvy 
num erous 	 conifers 
sucn as oak, beech. to vo zoar.EuS[tl 
wln d . em oomsgooar Etom, 

and p and Ascom cetes (cup 
un Cde, charac-
tenZed by a thick fungal layer, known 
as a fungal mantle, which coversthe 

host feeder roots.
VA mycorrhizae are found. on a 

majority of the angiosperms of the 
world. They do not visually alter the 
structure of roots and often cannot be 
detected without a microscope. VA 
mycorrhizal fungi are found in almost 
any field soil from arctic to tropical 
regions (17). 

3oth of :hese mycorrhizal types pen-
et-ate the outer regions of roots (corti-
cal cells), but only VA mycorrbizae 
penetrate individual cells. Inside host 
plant cells, VA mycorthizal fungi form

known as 	 arbus- orrhizai inoculum is being attemptedbranched structures culc an haloa-ike trutur"crnedinoculurn. 

wtituresatcuics nd balon-;ic

vesicles. 


Arbuscules are thought to bethe site 
f nutrist transfer between the sybi-o

otri. tanse esileen e elybi 
apc organs aeulns rikl sto a a
eplan, 
store nutrient materials insideinsidecth 
plant host. Because a great majority of 
5oody landscape species are infected 
-sybeneficial VA mycorhizal fungi, 
this will be the only group of mycorhi-of 

What They Do 

VA m,corrhizae are capable of im-
proving erowth of many woody land-
scape plants (10. 11, 12, 21). VA 
mycorrhizal fungi stimulate plant ab-
sorption of phosphorus and may be 
involved iin uptake of other irns (4, 15, 
6). Mvcorrhizal fungi have bccn re-

p.rted to improve water transport (1-.-. pr-"-
although this may simply reflect im-
proved nutritional status of mycorrhi-
zal plants. 

There is also evidene that mryor, 
rhizae provide resistance to plant dis-
Case'20). Many scientists feel~that VAVA~saintst feelit
,:: se ~ ~ 
'n'rrriialeffects on disease are a 

rsu,, ,Fimpi-cved phosphorus nutri-
tion causcu b' the inc;cased absorbing 
surface conierri by :nyc:rhbzal hy-
phae.


Container nroductcon or ornamen-


Nurserymen have compensated for 
-the absence of mycorrhia fung'i--a ,-_y -­' o 

tor a o ro u s ilztaandnterwater to achieve desire2_i"r'wt'J-" 
But high levels of nutrition and irriga-
tion will not always be feasible. bA. 

raeof limited etroleum avaiable 
for making inorganic fertilizer, hig" 
Costs of fertilizer and rigid restrctions 
go water use. In additon, hi nutri-

tion and subsequent required pest
applications are being more cticide 
monitored by environmenu regulatory 
groups. 


Inoculating container-grown Plants 
wih 

the need for current ,igh levels of fer-
tilizer. water and pes.tcii4..This can 
be done, and it has some economic 
advantages. 

Inoculum Production 


Commercial production of VA my­

only a few places inithe country. 
Urnionhikonlyrwayrto pron:d.at infection and subsequent growth re­

tais ei--'natts or siv.ucificar eouces 

->otiulations of '/.mvcorr:tz.al fun g above is being developed in England 
Most media corntoonents-such as pne for large-scale commercial use (7). In 
bar,. vermricu ite. Der-ite, builder's this method, plants are grown in peat 
sano and :eat mosses-aLe aevold of blocks that are standing in a shallow 
mvcorrmizal fungi. In addition,,na.i nutriznt-flow culture. After VA my­
'urserymen steam, pasteurize or cem- corrhizal spores are produced in the 
icall' :r'at cracate "rmfuT peat blocks, the blocks are ground upmecia ,t-o 
pathogens: tbhis also eliminates benefi. for inoculation. 
cial oraar,.sms, such a';mvcorrhizal 
fung!. 

suitable quaiies of inoculum is on 
sus iL host W Eants. 

he proper safeguards, mycorrhizal n-
oculum that is free of plant pathogens 


be produced in commercial green-

M.n.g etal I13) proposed a scbeme 


for 2roduci:.q inoculum as shown in 

Fi. 	 1.The inoculum Isproduc.d inpot 


selected hosts thathave no
uultur.es oin mon With the host 

_/l.nt [or which the inoculum is in-

tended. For example, inoculum for cit. 

rus could be produced on Sudan gras 

but never on citrus. 


Precautions must be taken to ensurB
 
the inoculum is free of nematodes, 

insects nd harmful pathogens. Nemec 

(18) tested 	a numberof 
are compatible with producing mycor-hizal"fungi, 


Cot estim of inoouic produc-
Cost estimates of inoculum produc-

tion can be generated using current 
greenhouse business analyses. A rCa-
sonably accurate cost estimate of my-
a labny conrolcorrhizal production, including techni-

cal labor and quality control, is approx-
imately 84.3c for a four-inch container 
of VA mycorrhizal inoculum (Fig. 2). 
This would be enough to inoculate 
approximately 50 to 60 gallon contain-
ers. 


A method similar to the one outlined 

January 15, 1982 

I.ocUiAdng 	Woody Landscape Planu 

A number of methsw have been 
used to inoculate Plants with VA my 
corrhizal fungi in greenhouse and nur­
sery trials. Inoculation can be done 
when ,tting rooted cuttings into liner 
or gafon containers by placing five to 
eight grams of soil inoculum directly
beneath roots of the cuttingi. Phospho­
rus levels must be kept low (less than 
34 pars per million 'or citu) during
all phases 	 of plant growth, and other 
nutrients should. be kept low for the 

six to nine weeks of mycorrhizal 
infection. 

Infection has also been accorm-. 

first 


plshod by inoculating plants during
 
propagation, shortly ater root irtia.
 

tion, using 	 mycorrhizal spores or soilThe greit,'st sucess with.ncl.neP tc. u= iI 

sponfl has been- realized from early 
spring to summer. 

Various methods have. been used. 
succfully to inoculate field-grown­including layering the noc.lttm 
unseind the inoculttmunder seed 	and bandingbanding the {no -ul=m 
along plant rows (8). Commercial ap­
plications of mycorrhizal inomj=ur us­
igfetilizer banding machinery were 

Scessfully carried out in a Californiacitrus nursery (2). Some success has 

been achieved by Delleting seed with 
inocuum (6) and by inoculating seed! 
(3).
 

Growth and Ecotomic Beneits
 

Betase VA mycorrhiml fungi oc 
cur on a wide variety of woody plan 
species and improve growth of thes, 
plants, the 	potenti of these fungi a:commercial "biotic fertilizers" is enor 

tl.S is 
mous.
 

ResLarchers have shown that wcd' 
landscape plants in containers grm 
about a well with low to modetat 
nitrogen and potassium hrtilizatio­plus yohilincatnasted 

ycOrrhizal inoculation as they d 
with luxury fertilization (10). 

Benefits of these fungi on imporan 
tree fruits, such as citrus (13), avo., 
(14) and peaches (11), 'has prompt

inquiries and demand for inoculum
 
improve plant growth.
 

Fertilization currently constitu,
 
two to four percent of the cash nurse
 
production expenses (5). This will ct
 
tinue to rapidly ealate.
 

rI
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USE OF A WATER ABSORBENT POLYMER IN TOBACCO 
SEEDLING PRODUCTION AND TRANSPLANTING1 

By JAMES L. HAMILTON and R.H. LOWE2 

The use of a water absorbent polymer (WAP) to aid in the production of 
burie tobacco transplants and to increase the survival of transplants was 
investigated. WAP held water in cuntact with the need, and improved the 
rate and uniformity of germination in a leached soil. This effect of WAP 

was destroyed by fertilizer salts. A slurry of WAP and water as a root dip 

maintained roots in a moist condition, reduced wilting of the seedlings, 
and resulted in better survival, less resetting, earlior growth, and more 
uniform early growth compared to nontreated seedlings. 

INTRODUCTION 

One of the major causes of poor stands in tobacco plant beds 
is drying of the soil surface soon after the seeds germinate. 
Tobacco seed are generally sown without cover on the surface of 
the s-il. If environmental conditions cause the soil surface to 
dry before the root penetrates the soi', the seedling may die even 
if ih,-te is adequate moisture below the soil surface. "Super 
"Iurper" (ss), awater absorbent polymer (WAP) (1), can absorb 
,w J times its weight of distilled water. Although lesser amounts 

of water are absorbed if salts are present, WAP may have 
potential for improving seed germination in plant beds and for 

amaintaining turgidity of transplants. Application of WAP to 

plant bed may reduce watering requirements and minimize dry-

ing of the soil surface. Proper management requires frequent 

'Contribution of the Agricultural Research, science and Education Administration, 
U.S. Department of Agriculture,and the AgriculturalExperiment Station, University 
of Kentucky. PublicationNumber 8O3.108. 

'Plant Physiologists,SEA. USDA, AR, Agronomy Depirirment, Universityof Kentucky, 
Lexington,Kentucky40546. 

Contribution received Sept. 9, 1980. Tob, Sci. XXVI: 1720, 19C2. 

watering to prevent such drying, so the use of a WAP could 
reduce labor requirements.

Seedlings pulled for transplanting often are held for hours or 

days before transplanting. Desiccation of roots may reduce 
seedlings survival, particularly during hot, dry seasons. Recov­
ery of plants after transplanting will be delayed until new roots 
are initiated from the tap root or stem. Treatment of the roots 

of transplants with a WAP may reduce such desiccation. 
The present report provides information on a specific WAP 

(1) relative to germination of tobacco seeds in mixtures with soil, 
the capacity of such mixtures to retain water, the effects of salts 

on water retention, and protection of transplants from desic­
cation prior to transplanting. 

MATFRIALSANDMETHODS 

Soil treatmenl at seeding: An area in a greenhouse soil td 
120 cm wide and 210 cm long was divided into 28 squares, 30 cm 
to the side, making 4 series of 7 plots long. A.WAP 3 was ran-
Jorfly applied at ratcs of 0, 0.5, 1.0, 2.0, 5.0, 10 and 20 g per 
'A. cm 2, to each series. These rates are approximately equiva­
l t cm , 2, 4, 10, 20 a d 4 l s e9 b 1 fo a ccoe d. 

2
90 seed per 900 cm were broadcast on eachApproximately 

squae 
square. 

Method of WAP application differed with each series. In 
series I, the seeds and WAP were broadcast on the soil surface. 
In series 2, the seeds, WAP, and 25 g of soil were mixed, then 
broadcast on the soil surface. In series 3, the seeds, WAP, and 
500 g of soil were mixed, then broadcast on the soil surface. 
Finally in series 4, the seeds, WAP, and 50 g of sand were 

mixed, then poured in rows, 6 cm between rows, across the plot. 

3Super luro#erfrom Large Blender Run No. 8, providedby Dr. Georpe F. Fenta, Coeel 
Products Laboratory, Northern Regional Resetich Center. Peoria, Illinol. 



After the combined seeding and treatment operation, the plots 
were watered, then covered with tobacco canvas. No additional 
water was applied for 7 days. Plant stands were determined II 
days after seeding. 

Effects of soil, fertilizer and salts on water retention of WAP: 
Weight of distilled water retained by 0.2 g of WAP alone or 
combined with 20 gsoil, 20 g leached soil, 20 g leached soil plus
I g of 6-12-8 fertilizer, I g Ca(N0 1), 1'g Ca(H2PO,2, I g
KNO3 or I g of KH2PO4 was obtained to determine effect of 
mixture on water retention. The amount of water retained by
each mixture was measured by weighing. The water held by the 
soil was determined and the grams of water held by one gram of 
WAP calculated. Soil used in this test was aMaury silt loam. 

Plant treatment at transplanting.: In the first year of tests, 
roots of burley tobacco, cultjvar Ky 14, and of flue-cured, 
cuhivar NC 95, were dipped into a gel containing 4 g of WAP 
per liter of distilled water at the time of pulling. Excess material 
was shaken off and the plants placed in a container to take to 
the.field. Nontreated plan'ts were pulled and kept the same way.
The plants were transplanted about 4 hrs after pulling with a 
commercial tobacco transplanter into 3-row plots, each 35 m 
long, in triplicate. Approximately 200 ml of water was applied 
v ith each plant at transplanting. 

In the second year of tests, only burley tobacco, cultivar Ky
14, Aas used since no difference between tobacco classes was 
observed in the first year. Plants were pulled and dipped into a 
gel of \VAP, the same as the first year, then wrapped in burlap
and stored in a barn until transplanted. Nontreated plants were 
pulled and kept the same way. Plants were transplanted 1, 6,
and 24 hr after pulling with a commercial tobacco transplanter 
inio 2-row plots, each 30 m long, in triplicate. Approximately 
200 ml of water was applied with each plant at transplanting in 
one of the ro,.s. No water was used at transplanting in the other 
row. Tne number of dead and severely wilted plants were 
counted one week after transplanting. 

RESULTS AND DISCUSSION 

Soil treatment at seeding: WAP treatments of l-2g per 900 cm2 
(2-4 lbs per 100 sq. yd. bed) increased the percent germination
of tobacco seeds for each method of application (Table 1). 
Ho%ever, the I g rate was as effective as the 2 g rate when soil 
vas mixed with the seed and WAP. The percent germination 
decreased at higher rates. When used alone, WAP made a gel 
on the surface that would stick to the plant bed cover if touched. 
Germination %,aspoor with the 20 g per 900 cm2 treatment, tin-
doubtedly because the gel exceeded 2 cm thick at the time of the 
inc, al %%atering. Mixing the seed, WAP, and soil made iteasier 

Table 1. Effects of a water absorbent polymer fWAP) and method of 
application on percent germination. 

'c _AP W Methods of Aplication 

0 34 41 36 37 
0.5 
1 

71 
79 

2'. 
96 

86 
98 

78* 
91 

2 
5 

10 

92 
72 
3. 

97 
80 
33 

100 
9, 
as 

96 
82 
52 

20 19 20 39 26 

Damaged corner plot; .n. Included in &vs. 


L.S.D. (0.05) of the mean - 11.6 


to get the seed and WAP uniformly distributed over the bed. 
When more than 2 gof WAP was mixed with 25 g of soil, the 
mixture would form a crust that destroyed many young seed. 
lings. Application of a seed, WAP, and sand mixture in rows 
was unsatisfactory as WAP combined with the sand to form an 
impenetrable medium for germinating seeds. Accordingly, data 
for these treatments were omitted. 

Subsequent field tests failed to show improved germination
with WAP compared to check treatments. Some laboratory
studies were conducted to find out why. Soil from near the area 
of the plant beds would only retain 110 g of water per gram of 
WAP, whereas, the same soil when leached retained 600 g of 
water (Table 2). It appeared that the success in the greenhouse 
soil floor beds was due to our method of watering (flooding the 
soil), which had leached the soil surface. When 1 g of a 6-12-8 
fertilizer was added to the leached field soil, water retention 
was reduced to below the level of the original field soil sample.
Calcium or potassium salts decreased the water-holding capacity 
of WAP (Table 2). The divalent calcium ion decreased the 
water-holding capacity more than the monovalent potassium
ion. Anions did not seem to affect water retention of WAP. The 
hydrophilic polymer of WAP isan anionic starch derivative that 
absorbs and retains the dipolar water molecule. The affinity of 
WAP for the cations calcium and potassium was greater than it 
was for water; thus, the cations destroy the usefulness of WAP. 

Table 2. Effect of soil, fertilizer and salts on waterholding capacity
OF WAP. 

Basic Water retention 
treatment Added component git WAP 

200 ml ater 0 8Soil 925 

plus 0.2 S WAP 
20 a Soil 110 
20 g Leached Soil 600 
20 g Leached Soi1 + I l 75 
Fertilizer (6-12-8) 
1g C(N0) 2
1 Ca(H 2104 )2-fl20 

15 
20 

1 2KNO0 
1 g KH2 04 

95 
100 

Development of a mechanized transplanting operation is 
inhibited by lack of uniformity in seedling spacing and growth
(3). WAP could be useful icor such development as adhesive 
properties would keep spaced seeds in place and water retention 
characteristics would assure adequate moisture for germination. 
However, WAP would be useful in such application only if the 
soil was initially leached and if fertilization was accomplished 
after germination.

Plant treatment during transplanting:The first year of the test 
95 0 of the plants dipped into a WAP gel survived, while only65% of the nondipped plants survived. There were no differences 
between the two classes of tobacco. After 3 days, only the bud 
and stalk remained of the nontreated plants which did survive,
while the WAP-treated plants retained most of their plant bedleaves (Fig. 1). At this time only the main tap root of surviving
check plants was alive. Fibrous roots of treated plants were in 

good condition. After the check plants had started to grow
(about 2 weeks after transplanting), both the treated and non­
treated plants were dug up and the roots washed free of soil and 
examined. At this time WAP-treated plants were larger and had 
a larger and more extensive root system than untreated plants 
(Fig. 2). 

Hot and dry weather at the time of field transplanting duringthe first year caused poor survival of nontreated plants. Many 
farmers in the area who transplanted during this period had sim­
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Fig. 1. Appearance of tobacco seedlings during hol and dry conditions three days alter transplanting. Roots treated with WAP on right, no treatment on left. 

ilar stirvival rates and several fields were disked and reset. Ap­
patently the WAP enhanced survival by preventing root desic­
cation so that after transplanting they continued to grow. The 
fibrous roots on the check plants becanc desiccated and died. 
New roots are initiated on the tap root and stem, and in dry, 
hoi weather some of the plants died before the new roots , w 

developed. 
Transplanting conditions ,,e;e ideal in the secoid year of the 

testing and each treatreni was transplanted vith and without 
water in order to create stress. The second column of Table 3, 
water and no WAP, represents the convent ional ourley tobacco 
transplanting practice. With seedlings ttan.planted one hour 
after pulling, there was no difference in ,ur',:.al bctween treated 
and untreated plants. With secJlings traw,.plantcd 0 hi after 
pulling survival improved with treatment, either \A-ith or without 

atcr. [he WAP-trealed plants held 24 hoir: after pulling had 
not ,. ilted at the time of transplanting, v.hile the untreated 
p,.lits va ied from slightly wilted to severely wvilttd. We biased 
the experioent by discarding the severely wilted plants from 
those held 24 hr hefoie transplan'ig, as the farner would ha,.e 
done. Yhe discaided -,la't. probably would not have lived. This 
culled the weak plant, romi tIc plant bed anrd probably accounts 
fot the high suivi, al rate ,Jf the check pianti sse 24 hr after 
pulling compared to tho:e set 6 hi after pulling, Dipping the 
roots of plants into a sltrry of %,aterand WA P at the time of 
pulling decreased considerably the arnount of reetting neces­
sary in apoor season but not in agood season. 

The number of se. erely \ ,ilted plants one week after trans­
planting was reduced considerably by WAP treatment at all 
transplanting times. Replacement of dead plants with ne%%ly­
pulled seedlings s+as made one w+eek after transplanting. One 
week later the new resets %-ere bigger and gru\ing better than 
the plants that were severely wilted at the time o1 resetting. Con- Fig, 2, Appnnrana of tobacco seedlings two weeks after transplanting. ." 
sidering the numbct of dead and severely w ited plants one ,keek Roots troated wllh WAP wnright, no treatment on left. 

http:ur',:.al


Table 3. The effects of WAP and water on tobacco transplant survival one 
wetk of ter transplantng. 

With water Without water 
No WA? With WAP No WAP With WAP

Time' 

Percent survival 

I hr 98 98 94 98 
6 hr 86 93 69 89 

24 hr 90* 89 67 70 

Percent severely wilted 

1 hr 2 0 11 4 

6 hr 16 8 27 21 


24 hr 20* 12 53* 40 

Percent dead and severely vilted 

1 hr 4 2 17 7
 
6 hr 30 1, 58 32
 
24 hr 30* 23 87 70
 

I/Time between end of pulling and start of transplanting.
 
*Severely wilted plants were dificarded before transplanting. 


after transplanting, there was a big advantage for using WAP 

when transplanting was delayed more than 1hr after pulling.
Dipping plant roots into a WAP gel at the time of pulling 

protects the roots trom oryig These roots appear to continue
tO function and grow, thus they are able to get more water from 
the soil which reduces the amount of willing and increases the 
number ul plants that survive, DeRoo (4) studied the survival of 
tobacco transplants i.eated with decenylsuccinic acid and its 
monoglyceryl ester. These compounds have been shown to 
reduce tranpiration, Survival was not increased by treating with 
these compounds. Collins et al (2) reported a slightly higher 

yield of flue-cured tobacco in a dry season when transplants 
were treated with an anti-transpirant, Protecting the roots with 
WAP resulted in less resetting and more uniform early growth 
of tobacco plants. It appears that the use of WAP would reduce 
the labor of resetting and more uniform growth would require 
fewer trips over the field for topping and applying sucker con­
trol chemicals. Also, good growth and plant uniformity early in 
the season are generally associated with higher yields. 
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Substituting Starch Based Absorbents For Peat 

Philip G. Gibson and Carl E. Whitcomb 1 

Objectives: To determine 1) if 0eat can be replaced in a soil mix by 

TERRA-SORB 200 or 201 without rgstricting plant growth and 2) if elemental 

sulfur influences its performan e.
 

Peat moss is probably the most expensive ingredient in most soil mixes. 

It provides aeration, some nutrients and most importantly, water retention 

to the media. If peat could be partially or totally replaced by another 

less expensive additive without sacrificing the properties of the original 

mix, a more economical growing medium could be developed, This would 
Also, a better qualitysave the nurseryman money and maybe save water. 

crop May be the net result. Therefore, the use of TERRA-SOPR 200 and 
of peat, seems appropriateTERRA-SORB 201 as a soil additive, instead 

Lo investigate. 

Super absorbent is the generic name for starch-based absorbents. TERRA-SORB
 

is made by grafting man-made acrylic compounds to cereal grain starch and
 

hydrolizing the combination. These compounds can absorb 200 to 5,300 times 

their own weight in water. For example, one pound of TERRA-SORB 200 will
 
or about 50 times as much moisture as peat.
absorb 20 to 25 gallons of water 


The absorbents maintain their water-holding ability for 6 months to a 

year or more. The material expands to as much as 30 times its original 

expansion could provide increased soil aeratic'n.size thus the 

The addition of these absorbents to a container growin$ medium could
 

sh6rten transplant recovery, quicken root system development and turn
 

Thus, the need for research on levels of absorbent
invenLories faster. 

and relative media systems.
 

Methods: Treatments were 0, 1, 2, 4 pounds/cu. yd. of TERRA-SORB 200 or
 
I part sand.TERRA-SORB 201 added to a growing medium of 3 parts bark and 

A growing medium of 3 parts bark, 1 part peat and I part sand was used 

Sulfur was added to half of each of the treatments at aas a control. 

raLt.of 6 pounds/cu. yd. to test its effect on biodegradation of the
 
star les.
 

All growing media received a standard rate of 14 pounds/cu. yd. of
 
1.5 pounds/cu. yd. of Micromax, 1.5 pounds/cu." yd. ofo.iiocote 18-5-11, 


super phosplate, 8 pounds/cu. yd. of dolomite and 2 pounds/cu. yd. of
 

gypsum. No liquid fertilizer was used.
 

On May 9, 1980, 108 rooted Juniper Juniperus procumbens cuttings were 

plautud in une gallon white poly bags. Each replication nsisting of 
On June 12, 1980, 108cuttings approximately the same size and vigor. 


lacebark elm (Ulnius parvifolia) seedlings were planted in two gallon
 

Each replication consisting of seedlings approximately
white poly bags. 

the same size and vigor. All plants were randomized and placed on a
 

black poly covered bed according to replications. They were immediately
 

watered in with overhead sprinklers following planting. They received
 

full sun and daily overhead watering as needed.
 

1. Oklahoma University, Stillwater, Oklahoma
 



On October 28, 1980, the lacebark elm trees were evaluatod by height and 
WLUitcalipur. On October 30, 1980, the junipers wore evaluated by top 
and root weight and the number of branches developed. 

Results- The sulfur treatment proved to be consistently and significantly 
detr/mental in all cases and is theFefore omitted from the evaluation. 

ULclnark ul,, suuUlings grew as well in the mixture with 3 parts bark, 
.1 part-sand and all rates of TERA-SORB 200 or 201/cu. yd. as did the
 
bark-peat-sund control (Table 1). The elm trees were able to utilize
 
the water held even at the 4 lb. rate of either TERRA-SORB product, 

'Thu junipers grew as well in the TERRA-SORB 200 and 201 at the 2 lbs./cu. 
yd. rate as the bark-peat-sand control (Table 1). However, the 4 lbs./cu. 
yd. rate of either product was too wet for the junipers and some showed
 
root growth restriction. The 2 lb. rate, especially of TERRA-SORB 200,
 
gave good, lush top growth, as well as good, healthy root growth. The
 
use of an absorbent in a soil mix appears to have potential. Its performance
 
on a wider variety of species and with a variety of fertilizers should be
 
stud ied.
 

Table 1. Plant growth response to TERRA-SORB 200 and 201
 
incorporated into the growing medium as a substitute for
 
peat.
 

TERRA-SORB TERRA-SORB 

Bark-Peat-Sand Bark-Sand 200 lbs./cu.yd. 201 lbs./cu.yd. 
Species Measuremunt Control Control 1 2 4 1 2 4 

7 3 b 7 3 b 7 2 b 7 1 b 7 0 b 7 6 b 7 2 bElm height (C,,) 7 1b 

stem caliper .94 84 .89 .88 .97 .85a .89a .96a(ca )' a a a a 

Junipr rout weight (g) 47a 47b 40 38 35 44 34 
ab ab ab b a a ab a 

top wight (g) 3 5b 30 34ab 36b 31ab 29 34ab 28 
a ab b b a b a 

U!branches/plant 6 b 5 a 5 a 6 b 5 6b 6 b 5 a 

http:lbs./cu.yd
http:lbs./cu.yd


SECTION XI
 

Virginia Tech Field Days Report. Sept. 15-16, 1981. The Benefits of Using 
TERRA-SORB for Sodding Applioatiens. pp. 60-67. 



THE BENEFITS OF USING TERRA-SORB FOR SODDING APPLICATIONS
 

ABSTRACT
 

In the test series TERRA-SORB 200 and several experimental
 
forms of TERRA-SORB (TERRA-SORB 201,350,1000) were tested. TERRA-SORB
 

was also tested in combination with other chemicals or other sod
 
treatments.
 

For sod grown under natural conditions with supplemental
 

irrigation TERRA-SORB increased the percentage of green cover and
 
increased root strength. Where the aerified sod was soaked in a
 

slurry consisting of 19 grams of TERRA-SORB per gallon of water root
 

strength was 3.6 kilograms per 900 square centimeters. The root
 
strength of the control was 2.3 kilograms per 900 square centimeters.
 
The application of TERRA-SORB resulted in an increase in root strength
 
of 56 per cent.
 

Where sod was washed free of soil and soaked in a slurry
 

consisting of 12 grams of TERRA-SORB 350 per gallon of water the root
 

strength increased from 1.4 grams per 900 square centimeters (control)
 

to 4.8 grams per 900 square centimeters (TERRA-SORB 350). An increase
 
of 242 per cent.
 

In the test the percentage of green cover generally increased
 
with the application of TERRA-SORB. The maximum increase was noted
 

for sod that was washed free of soil and treated by dipping in a
 
slurry consisting of 12 grams of TERRA-SORB 350 per gallon of water.
 

Green cover percentage for the control (washed free of soil) was
 
53.3%;. the TERRA-SORB treated sod had a green cover percentage of
 
90.7, an increase of 37%.
 

The tests also tend to indicate that a wetting agent (Aqua-Gro)
 
can be beneflcally applied with TERRA-SORB by providing better water
 
penetration. Root strength increased from 2.8 kilograms per 900 square
 

centimeters to 3.6 kilograms per 900 square centimeters when Aqua-Gro
 
was applied with TERRA-SORB. When Aqua-Gro or TERRA-SORB was used
 
alone root strength was measured at 2.8 kilograms per 900 square
 
centimeters.
 

Future studies are planned to study the combination of
 
the most promising treatments.
 

Reported in the Virginia Tech Field Days Report, Sept. 15 & 16, 1981,
 
Virginia Polytechnic Institute.
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lrovicdud by: U.S. Army SOLICITATION NO; DAGV62-82-B-U074 

Corps~of I.'.q iii'.,*rs 

PART I - TiE SCHEDULE 

sEcTON C - DESCRLI'TON/SPECIFICATIONS
 

SPECIFICATIONS FOR 
DECIDUOUS
 

TREES AND SHRUBS
 

I. Caneral. All trees and shrubs specified herein shall he first.quality
 
nursea'y utock grown fro,, seed. All seedlings shall be bare-rooL, dormant
 
si~edlings alive and In a healthy growing condition, free of disease, insects,
 

insect eggs and larvae. Root systems shall be adequate, live damp, fibrous,
 
and free of rat and mold.
 

2. DiPIgng and Handling. Precautions shall be made during digging and
 
handling op'eratlons to Insure that' roots do not dry out. Seedlings shall
 

be placed in cold storage within 24 hours after digging.
 

3. Pruning. When pruning of seedlings is necessary to meet the size
 
requirements, the following shall apply.
 

a. Roots and trunks h" in diameter and greater may not be pruned.
 

b. The maximum length that may be pruned from roots is 4". 

c. Thc maximnum length that may be p.runed from trunks is 8". 

4. Substitutions. Consideration will be gives to bids containing sub­

stitutions. Substitute species shall meet the same size requirements as
 

those species they are'intended to replace. The Government reserves the
 

right to refuse bids in whole or part that have substituted seedling species.
 

5. Standprds. All seedlings shall comply with applicable State and Fe deral 

requirements. All necessary quarantine or other certificates shall accompany 

the shipment of seedlings. 

6. Size Rejqulretents. Measurements of length of trunks and roots t;hll be 

uadc from tL. root collar. Sizes for seedlings shall be as follows: 

Roots - Length 4"-7" 
Cliper '. maxlmum at root collar 

Trunks - Length 8"-16"
 
Callper 1/8"- "
 

7. Packaging. Seedlings shall be bundled and tied in'group of 500 or less 

and doubled bagged in "Kraft", or equal, poly lined paper bags. Seedling 

roots shall be treated with "Terra - Sorb", or equal, moisture retaining toot 

conditioner and wrapped with "Root Wrap", or equal, non-organic non-woven 

moistuie retaining fabric blanket. 1he fabric blanket in each package shall 

C-1
 



be aufflclently moist., Each package shill be labeled to show the quantity,
 
botanical nnnle, conon name, and name of the "upplier. Each package shall
 
not exceLd 50 pounds in weight. Packaging shall be In accordance with'
 
EXfilBIT A, Page C-3.
 

8. Sh pIj'n,. Seedlings Miall be delivered on date required by the Cavern­
ment, 29 November 1982. Seedlings shall be delivered 'ithin 48 hours frou
 
the time that they are shipped from the nursery, or shipped by UPS. Seed­
•lings 	shall be reloaded at the delivery site into a Coverruneut provided
 
storage unit by the shipper.
 

9. Rejecrion of Seedlinrs. Plants damaged in transit or not conforming 
to the t~ecifications will be rejected within a.three-week period. The 
supplying nursery w-1ll be notified by telephone and given 48 hours to 
Inspect the seedlings. After 48 hours have expired, the Covernment may 
dispose of rejected plants an4 will not ba liable for their payment.. 
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