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INFORMATION MEMORANDUM

SUBJECT: 'The Potertial of Staroh Graft Polymers, "Super Slurpers,” for

Forestry and Agriculture

"Super elurpers," also oalled "superabsorbents," (ohemioally
idertified as hydrolyzed starch polyaoryloritrile graft copolymers) car. absorb
2,000 times their weight in distilled water. Absorberts, tnickening agerts,
soil additives and seed coatings are amorg their verious uses (Sec. I).

Amorg several uses ir forestry and sgriculture ir the LDC's, I see a
great potential for employing superabsorberts to saturate the roots of
seedlings before transplantirg them ir areas that have limited or sporadic
rainfall. This would oreate a reservoir of moisture thet the seedlirgs could
draw upor durirg the criticasl establishment period. Successful establishment
ard good early growth of outplanted seedlirgs are important elemernts in any
reforestatior and agrioultural program. Ir ar artiole in the Australian
Forest Grower (Maroh 1983), a similar product, Agrosoke, is attributed with
havirg "great potential for establishirg trees on diffioult sites durirng the
dry seasor (Seo. II).

In a test cornducted ir Louisisra for tree seedlings outplarted
within 48 hours, survival of seedlirgs dipped ir superabsorbents hed an 84%
rate of survival, while those dipped ir clay slurry had a 49% rate of survivel

(sec. IV). Ir experiments at Auburr Uriversity, superabsorbents added to pire
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berk medium reduced water stress and ircreased rutrient retention (Seo. V).
At the Urniversity of Georgia, superabsorberts increased germiration of

Phaseolus volgaris "toporop bushbean,” increased the water-holding ospacity

ard reduced watering requirements wher growr in a soilless growing medium
[Metro~Mix 300] (Sec. VI). Results from tests conduoted by the Department of
Agrioculture show that superabsorberts oarn be used as an inoculant oarrier for
Mycorrhizal fungi. Treatirg seedlings with the fungi results in improved
growth because root struoture is changed, improvirg the ability of trees to
obtair rutrients [(Seoc. VII) also see Seoc. VIII].

Superabsorberts are reported to improve germiratiorn of seeds and ircrease
survival of plants, reduce tranaplant shook, irorease yield, promote faster
growth, minimize erosion (by more rapid establishmert of ground cover) and
permit more effioient use of water resources. It is also said to improve
aeratior and drairage, and does not promote root rot. Dipping "bare rooted"
seedlings keeps the roots moist, iroreasing survival and mirnimizirg transplart
shook (Seo. III).

Often, a growing medium used ir cortairerized rurseries, especially those
with high organio content, dries out rapidly after seedlings are removed from
the oortairers and trarsported over long distaroces. This results ir high
mortality. The root mess oan be dipped in a superabsorbent slurry, whioch
would aot a8 a birnder for the medium arnd keep the roots moist during
trarsport. Superabsorbert slurries should also be arn exocellent carrier for
Rhizobium and frankia and should be ar excellent mears of inooculatirg

ritrogen-fixing trees.
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A modified superabsorbent oortaining graphite has beer developed
specifioally to ooat seeds and to lubriocate planting equipment. Absorbert
particles draw meisture from the humid air and the soil. Ir expandirng they
form a gel "fuzz" at the seed surfaoe. Moilsture held by the gel softens seed
tissues, promotirg rapid germiration. Plants grow faster hecause moisture is
readily aveilable to the seedlings (Sec. IIl).

Arother method of direct seeding worthy of oonsideratiorn is to dig a hole
or make ore with ar auger, then fill it with a good nursery~mix soil ocombired
with a superabsorbent and direot seed into the hole just before the msin rainy
seasor. The seeds should be scarified (and dried after soarifiocation) ard
irooculeted with Rhizobium if so required. It is recommended that two or three
seeds be placed ir each hole and the weaker seedlings that emerge should be
weeded out 1-2 mornths after emergeroe.

There has been some speculatlon that superabsorbenta might draw moisture
from & seed or away from roote in water«stressed soils. Not so, says USDA
expert Dr. William M. Doane¥#: "Under suoh stressed conditiorns, the seed or
root system would be so dry thet it would be dead anyway." The retention
forces of the plant are stronger thar the suctiorn forces of the
superabsorberts., But the suotion of the superabsorbents 1s stronger tharn the
retentior of the soil; therefore, moisture would be extraoted from the
surroundinrg soil. Dr. Doare and his ocollesgues at USDA irverted this family

of ochemiocals ir the 1970's and USDA holds the basic patert on them (Seoc. I).

* Dr. Williem M. Doare, USDA Agricultural Researoch, North Certral Region,
2000 W. Pioneer Parkway, Peoria, Illirois, 61615, Tel: (309) 685-4011.
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Several oomparies now marufeoture and/or distribute variatiors of the
USDA-developed super slurper ard some are making roteworth; olaims. Herkel
Corporatior, Irdustrial Services Irnterratioral, Irc., Sperco ledical
Corporatior, Grain Prooessing Corporation and A.E. Starley Marufacturirg
Company have advised that they csr provide developmert quartities of
staroh~-based absorbents (Seoc. I).

It should be roted that only superabsorberts that have provern effective
ard bereficial ir use with plants should be oonsidered for use ir agrioulture
ard related irdustries. Superabsorberte are available whioh, if used, could
adversely affeot plants, as they oortair ohemicals that msy be phytotoxic, or
they may hold water with suoh teracity that it is not available to plants.

Industrial Servioes Interrnatioral, Iro. provided irformastior ooroernirg
its produot, "TERRA=-SORB," for use ir forestry and agrioulture. I have
irnoluded its irnformatior in this oompilation along with the more gereral
information on auperabsorberts (Seo. III) (Seo. I). ISI states thet
TERRA-SORB will irorease orop produotior, reduce losses, oorserve water,
reduoce labor ocosts and ir other ways berefit farmers, foresters, greerhouse
operators, oornservatiornists ard others ooncerred with the growirg of plants
(Jec. IID).

Accordirg to ISI, experiments oorducted ir a semisarid area of the Urnited
States showed 1215 % ircrease ir wheet yields ir fields usirng TERRA-SORB
compared to those rot using it. Tests conduoted with oats, bears and other
crops have shown that the use of TERRA-SORB as a seed coating csr result in a
10-15 4 ircrease ir their crop value per aore. Average yleld iroreases of 5-7
bushels per aore have beer reported. As reported by the Soil Corservation
Service, use of TERRA-SORB 200G doubled the plant growth (height) and

acoelerasted seed produotiorn (Sec. III).
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ISI gives typiocsl costs for applying TERRA-SORB as: less thar $10 to
treat a oubic yard of media, whioh equates to about 6 cents %o treat a gallon
cortairer, 4 certs to treat ar eighteinoh harging basket arnd 6 ocents to treat
a 72-cell beddirg flat. Used as a gel dip, 50 seedlings oar be treated for 1
cernt., The ocost for use ir sodding or hydromulohirg is 8/10 of a cert per
square foot. In transplanting, s plant with a one foot diameter root ball car
be treated for 40 cents., The oost for treating 10,000 forestry seedlings is
$3.75. Ore hundred pourds of seed can be treated with TERRA-SORB 200G for
approximately $6. Because of the varying quantities of seed planted per acre
for various orope, the cost per aore of seed treatment can vary from 10 cents
for orops such as tomatoes (1/2 pound of seed per aore) to about $7 for wheat
(120 pourds of seed per more). I assume that the cost of the other oomparies'
produots would be approximately the same.

Industrial Servioces Interrnatioral, Iro., has beer kirnd erough to provide
me with a brochure and samples of its produot, whioh I have ircluded as an
irsert. 1ISI has also indicated a willingress to provide teohnioal services to
demornstrate its product and trair people in the use of superabsorbent
techrology. Those deeirirg these services are asked to pay for travel arnd per
diem and the company will cover the salary of the techricisr for a limited
time period.

Although I have ircluded ISI's broochures and samples of its products irn

this ocompllation, this in rno way conastitutes an endorsement.

Sinoe the 1970's, superabsorbent technology has evolved to the point where
it should be appropriate for use or a commeroial scale, especially in areas

subject to moisture stress. The practical implementation of this techrology
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will do muoh to inorease the effeoieroy of reforestation and ggrioultural
projects. There will, of oourse, be a oontinuing reed for additioral research
to identify additional ways that this teohnology osr be best utalized for the
berefit of the LDC's. I would appreoiate hearing of the results of the use

superabsorbents in the LDC'e,

}/)/.

Michael D. Benge

S&T/FNR Agro-forestation

Rm, 515«D, SA-18

Ageroy for Interrational Development
Washingtorn, D.C. 20523

April 20, 1984
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SUPER SLURPER

Compound with a super thirst

NEW SUPER SLURPER is expected to
A. 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
rescarch  generation of a family of
water-laboratory starch products dis-
covered at the Northern Regional Re-
search Laloratory, Peoria, 11l

A first generation slurper earned the
family name by ebsorbing 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 by
ARS chemists M. Ollidene Weaver,
George F. Fanta, Neil W. Taylor, and
Willinin M. Doane 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-
tives,

The researchers are providing in-
formation and samples in response to
tequests from Europe and Japan as
well as all 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 sced coatings. More
than 50 potential applications have sur-
faced in several hundred letters of in-
quiry that have been received by sci-
entists at the Northern Laboratory.

o

IR S ¢ 4

Dr. Doane demonatrates that only ¢ prama of super slurper will aisorb
1,000 grams of water. In powder or fluke form the abflorbant congeuls
t}w water to the consiglency of crushed ice. Later generations of the super
alurpera can absorb up to 2,000 times their weight of distilled water
(0376 ReLL~16A ).



Super slurpers can also be produced in film forms as well as powdered.
Dr. Fanta looks on a8 a filva of the compound, originally the size of the stencil
held by Miss Weaver, cxpands three-dimensionally when placed in rcater farly make slurpers that absorh 700 to

(03751223-8).

Left: Dr, Ruasell, initiator of the starch grafting studica at the
Northern Laboratory, holds a Leaker of congeoled water. He
says that super shorpers demonsteate that compunents of annu-
ally renewable farm commoditics can be uged to extend and
congerve limited petrolewm resources and thoet those combinations
o{; patural and gynthetic waterials cun have useful properties
that neither parent malevicl vlune has (ny2:R220-254). Above:
Gligtening like crushed ire, Lt more solid ut rocm tem-
perature, a wmixture of 99& purts water 1n 2 ports slurper
surprises Mios Weaver by uot jflowing from o smooth, flut
aurface (0375R228-20).

super sturper 11 has a “split pe-
sonality”™ built in by mechanical treat-
ment. It is a laboratory speciien
produced in test tube quantities by
Dr. Bagley and Dr. Taylor in basic
studies that have been aimed at learning
what 1nakes a slurper and how to con-
trol it

Unlike catlier slurpers—which dis-
perse in water to form gels that are
difficult to pour--slurper 111 dissolves,
and the solution pours like water. It
easily penetrates such porous materials
as cloth and sand. When the solution
dries md is aged or heated, super
slurper TIl reverts to the family be-
havior. It forms gel dispersions when
weter is added agnin. Slurper Il
studies show how to make a slurper
with a selected capacity of up to 2,000
times ite weight of water.

Filling requests for research sam-
ples, Mise Weaver and Dr. Fanta regu-

800 ti-acs their weight of water or 55
times their weight of simulated urine.
(Simulated urine rcontains urea, salt,
magnesium sulfate and calcium chlo-
ride in water.) Against pressure 180
times that caused hy gravity, these
slurpers have almost 40 times the urine
ehsorption capacily of cellulose fibers.

I\



Dr. Fanta demonstrates that with the
help of super slurper a scréeen wire
“beaker" can hold water just as well a8
a glass beaker (0375R220-364A).

Cellulose is the main absorbent used
in disposable diapers, bed pads, band-
ages, and surgical sponges. Shortages
and rising costs of cellulose are in-
creasing the demand for absorbents
that cost less, absorb more, and have
lesc bulk. Bulky materials cause prob-
lems in sewage disposal.

What cbout costs? Estimating the
cost of corn starch at 8 cents a pound,
engincer 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,
taking up 300 times their weight of
water, expanded 33 times in surface
arcea.

Gel sheets contract and hecome rub-
bery in dilute acid. They expand again
in dilute alkali solution.

Coatings with these properties cin
be formed on sand grains, straw, wood
shavings, all kinds of natural and syn-

Miss Weaver does an experiment to show one of the potenticl »ses of
super slurpers—increage water retention of 8ois. Sand in tive pot 6n
the left held only 50 of 400 grams of water poured through it, while

a 500 to 1 mixture of sand and super slurper

400 grams of water (0375Re21-26A).

thetic fibers, seeds, and other materials
where water-absorbent properties would
have value. Super slurper can be added
in different preportions for different ef-
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
enough to be used for molds in metal
castings, Dr. Bagley says. As little as
0.1 percent would hold sandy soil sur-
faces against #ind erosion. In either sit-
uation, slurper and sand woud absorb
and hold more water than sand alone.

Super slurper increased water-hold-
ing capecity of sand and greatly en-
hanced the top growth of oats planted in
it in greenhouse tests at lowa State Uni-
versity, Ames. William D. Shrader, pro-
fessor of soil management, compared
the growth of oats in sand and in -
mixture of 1 part slurper to 250 parts
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 grams of
watey held by the sand-slurper mixture.

n the other pot helid all

Oats in the sand died 14 days after
seeding. The top growth weighed 0.03
gram. By contrast, oats in the slurper-
treated sand lived 11 days lenger, dying
95 days after seeding. The top growth
weighed 0.32 gram.

Dr. Shrader is among more than 700
scientists in agriculture and other in-
dustries who have obtained research
samples of super shirper from the
Northern Laboratory. Other scientise
are obtaining samples from General
Mills Chemicals, Tnc., Minneapolis.
General Mills, one of five companics
that have licensed a super slurper patent
application (Serial No. 456,911), is the
only supplier of developmental quan-
tities of the absorbent.

Super slurpers are & branch of the
family of starch graft copolymers on
which Charl- R. Russell, now chicl of
cereal products reseaich, started re-
search at the Northern Laboratary early
in the 1960%s. Grafls of acrylonitiile 1o
starch were studied extensively by Dr.
Russell, chemists Lewis A, Gugliemel:
and Robert C. Burr, and Carl E. Rist,
now retired, and others. R
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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

s0il additive

hydroseeding

seed pelletizing

pesticide formulations (retain water to improve efficacy)

drip irrigatior (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-Digpersing—Solidifxing Agent

firefighting fluids

textile print pastes

radicactive wastes (solidification)

sludge (solidification)

athletic fields (remove excess water)
construction sites (remove excess water)
basements (remove excess water)

household products (waxes, polish, paints)

== over

A



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

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; 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
developmental quantities of starch-based absorbents. The first
four listed companies have commercial production capacity.

Four U.S. patents have been issued hased on the starch technology
(U.S. Patent Nos. 3,935,099; 3,981,100; 3,985,616; 3,997,484).
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. MNo. 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
are available from Illinois Cereal Mills, Inc., Paris, IL 69144.

(MENTION OF COMPANIES OR PRODUCTS BY NAME DOES
NOT IMPLY THEIR ENDORSZMENT BY THE U.S. DEPARTMENT
OF AGRICULTURE OVER OTHERS NOT CITED.)

A
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COMMERCIAL PRODUCERS OF SUPER SIURPER

Henkel Corporation
4620 West 77th Street
Minneapolis, MN 55435

Super Absorbent Company

Route 3

P.0. Box 342

Lumberton, NC 28353

(Distributor: Industrial Services
International, Inc.

P.0. Box 10834
Bradenton, FL 33507

Spenco Mecical 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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-Editors: This release is based on research and development reports
from 16 sources in 13 states in addition to the Northern
‘Pegional Research Center. Names, addresses and telephonn
numbers of the sources follow the reports.

Additional information on super slurper batcic research,

1973 through 1977, and on the Northern Center scientists
is available from the address at the bottom of this page.

For release Octooer 22

SUPER SLURPER SWéLLS "OUT ALL OVER" IN CROP; CONSERVATION PLANTINGS:

.FPEORIA, Ill. -- Super slurper, the absorbent that swells as it jells hundreds
of times its weight of water, ig ® 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'cepacities that
add up to more than‘4 million pounds a yeuc, about double.the'total cleimed capacity
a year aco. Other companies, including one with a new super abscipbent, are enterinc
the industry that is based o the 1973 discovery in starcn”researcn 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 propristary
developments end research rasults.

' - more -
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Planting uses alone could eventually account for more than 100 millict~—
pounds a year of an absorbent that jells hundreds of times its weight 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 retulned 50 doilars' worth of increased cotton yield in one test.

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

) ety

losses in bare root stock,.Doane says. A company using the absorbent in a prepa-
ration for "hydromulching".grass 5eed on disturbed land estimates that up to lO
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.“ Theselapplications range from uses not yet imagined
to the practical technology of now. |

One producer, f01 example, refers to potential uses "beyond anythlng con-
sidered at this time." A spokesman for another company believes "the scope and

'

frequently esoteric nature of potential applications" preclude oomprehen51ve 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 raflect 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 owa weight of pure
water in the laboratory, established new standards of absorbency and a name for |
the standards, the product- and the industry. Henkel Corporation, 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 ennouncing a new
absorbent in the super slurper class. American Ag.& Bio-Tech, Inc., North Little
Rock, Ark., plans‘to produce seed coatincs. Bioferm International, Moorestown,
N.J., is narketing agricultural products containing a super slurper and expects

to'produce its own absorbentvwithin 2 years.

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

~ more -
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Henkel announced in June 1978 a.2 millicn 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 Johnvéilmore, 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 ag small as guayule, as large as castor beans and asl
frail as peanuts." Guayule is a rubber-producing desert plant under developmentﬁ
as a United States rubber crop.

Gilmore says seed coating research is continuing on vegetables and other
crops includlng 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 coatinos 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 exanple, 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, absorh
toxic residues of herbicldes and stimulate root growth or the germinating embryoL
A test covering on cottonseed, for example, contained fungicide ang emhryo
stimulant.

.Cottonseed coated with super slurpervproduced 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 l23-bushel control yield in field tests by Dale E. Behmer of
American Ag & Blo-Tech.

ﬁehmer 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 PFock, Ark. 72119
Ph. 501/227-6107

At least one.step beyond planting coated seed is the possibilJty of sownng
pregerminated seed in a super slurpar 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 env1ronmental 3tresses.
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 techr.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 gxow
high value vegetables, foliage plants and ornmamentals 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 30 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 ghem by about a week becﬁuse fhe |
Plants devglop faétér in slurper-tfeated soil.

Quinn says farmers, greenhouse operators, nurserymen, condominium owners,
landécapers and bare-robt ghipééré use the absorbent in areas ranging frém minilé
trays to acfeages qu all kinds of plant growing. "The only exception is hydro-
ponics," he says.

One seed germinating company turns out a million vegetable and ormamental
'seedlings, 595lper 2-square foot tray, an hour for sale tc commercial growers. A
paim treé grower ;xpects to cut his’loordollar/acre/year water bill. éod layers
‘broédcast a péund Sf the absorbent to 500 square feet before they lay sod on sandy
soil. Quinn says super slurper holds water in the root 2one instead of allowing
it to soak.deepe: into the éand.

He Qayé hig “tongue is hanging out from keeping up with the marketing,"

‘and he wonders whether super slurper producérs 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

_2,:]
w



-8-

For mulching seed on disturbed land, called "hydromulching" because the
mulch is applied in water, Grass Growers, Plainfield, NrJ., uses super slurper as
a “inder or tackifier as well as absorbent. Charles DeAngelis says he was "louking
for materials not on the andangered species.list" (replacements for petrochemicals)
when he heard Burgess Kay of the University or 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 £ilm 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 productvse have been looking for to
reduce losses in bare root trees," reports Fred Musser, dr. |

He estimates that Musser Forests coated'the roots of 2.5 million trees for
sShipping 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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"Wa feel that super slurper will retain moisture around roots of plants
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.
.Musger Forests, Inc.
Indiana, Pa. 15701
Ph. 412/465-5636

Coating roots and seeds and hydromulching might be cons1dered "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 irrigatlon "Although
present costs of super slurper may be prohibitive, except for specialized conditions
‘and high value crops," Miller says, "our data indicafe 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 dférease-
wind erosion through maintaining a moist surface for a longer preriod after irrigation.

-

David E. Miller, research leader
Irrigated Agriculture Research and Extension Center
Science and Education Administration, USDA

P.0O. Box 30
Progser, 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 5011 treated with 0.2
percent. by weight of super slurper has about the same water holdinq capac1ty ar"
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’>
4available soil water would be highly beneficial." He cites, foi example: a field '
trial on a very sandy, 30- pe rcent slope on a dam construction site near Webster
City, Iowa. The arez was devoid of vegetation.

Alta fescoe 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
area weighed‘four times.as muct as that from the untieated 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 cf
a Polyacrylonitrile-Starch Polymer, Super Slurper,

To Modify Water-Holding Properties of Soils," Journal
paper No. J868l, 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
10~-15-79

/“7‘-..)



-1l-

An Iowa company has added super slurper to the formulas for products *—
applied to seed, soil or plant leafes 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 capacit&. | | |

The formulas include sources of nitrogen, phosphorus and potassium,
chelated trace elemcnts and p*oprietarv ingredients. Anderson says soil and foliar
prodhcts are applled as need is indicated by soil or plant tissue tests. Sesds
can be treated by either wet or dry processes. |

She says fardsrs as ;ell as flower and ornamental growers are among repeat

M

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 pouhds of Magic Water Gel
avyear fcr tree, cobacco 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, foot coatings
give greater results if soil conditions are dry at planting cime. 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 producing plants."
Firkland says "Thie 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 working with
other companies to develop other uses.

"New uses being investigated have potential markets of millions of pounds
a yeer." Spenco soon will introduce new products thh patent covpraap on a unrld

wide basis Stout says.

Fd Stout, director of chemical research
Spenco Medical Corporation

?.0. 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 difier

l .ll
from those of super slurper NC-266

- more - 10-15-79
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Potential Applicationa of Stasorb inclpde controlling wind erxosion of —
soils; dust abatement inoreand coal excavations, and use on gravel and dirt roads
and race fracks. Additional potential uses include removing water from mixtures,
including water-hydiocarbon mixtures; soil conditioning; seed coatings; diapers,
feminine personal care and incontinent pads; flocculating and stabilizing agentﬁ;
moisture proofin§ underground tanks and cables and in pet and animal litter prbducts;

"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 applicationiﬁill 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 Laborétories, Inglewood, Calif., is distributing Super slurper (the

14

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 slurper;
starch and two celluiose derivatives in cabbage lcoper diets to retain moisture,
bind othet ingredients and provide acceptable texture. He says methyl cellulose
and super slurper "were the most practical moterials and produced the.gieatest ’

number of adequately sized pupae in the least time."

Norman C. Leppla

Insects Research Laboratory, USDA
Gainesville, Fla. 32604

Ph. 904/373-6701

In Honolulu,‘another USDA entomologist, Nbrimitsu Tanaka, used ouper 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 tovkeeﬁ oggs in sus-
pension for seeding onto the diot 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 slufper 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 waéer, save work in watering and save fuel used in sterilizing
root medi&. 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

NC-226
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A Practical Process for the Preparation of Super Slurper, a

Starch-Based Polym

er with a Large Capacity to Absorb Watsr

IyM.O.Wm.R.R.MW.LD.an.V. E. Sobins, Q. P. Fanta and
W. M. Doene, Pocria, illinoie (USA)

ica. The cost ©0 maks crude drum-dried flakes is enic

practice.
iminarily as $0.32/1b for 2 107 [bjyear hypothetical plaae

Mm;&iuﬂl;lbm‘ihmul)

1. Introduction

Recently, absorbent materials with the capacity to imbibe
and hold wacer have been the carget of greac aczention from
investigators who hope to soive diverse problems by using

Die Scirke 29. |abry, 1977 | N». 132, S, 410413
@ Verlag Chamie, GmbH, D~4940 Weinheim, 1977

such macerials. Areas of preliminary testing have included
crop production, i.e, seed coadng (1, 2] and soil amend-
ment (3] and personal care items [4]. The highly absorbenat
search-based polymer developed ac our laboratory is formed
when 2 rarch-polyacrylonizrile (SPAN) graft copolymer is

413
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hydrolysed with aqueous alkall udlgb-ddd[S] (see
-+Fig. 1)~ Variation in drying procadure allows Supr Slurper,

powder or mas form.

e
s

[Soper shorpart
AMnertont Poiysa Y|

Figurs 1. Reaction schame for preparstion of absorbemt seardhe
based polymer called Super Slurper.

[nicial observadon of unique abeorbency of hydrolyzed
SPAN (H-SPAN) in the dry salt scats was made when 2
dispersion of H-SPAN was allowed to dry: the resultant
film expanded thres dimensionally when plecad in warer,
rapidly taking up several hundred times as much water as
ics own dry weighe (6] (see Fig. 2). Super Slurper has many
of the properties described by Burkholder (7] as desirable
for products which might be incorporatsd into nonwoven
disposables. We therefore firse cxamined the absorbenc for
this area of applicacion (8] and found char ic, being a poly-
electrolyre, is affected by ions in the solution absorbed.
Super Slurper which absorbe 600—900 g of distilled water
per g will absord 60 g of solution calculated to simulace
urine (1.94 ¢e ures, 0.8 % NaCl, 0.11 % MgSQ,- 7 HO,
0.06 */s CaCly and 97.09 /s HyO). In contrase, machanically
fruffed celluloss fibers abeorh 32 g of simulated urine per g;
but when cenmrifuged ac 180X ¢ they bold oaly 1 g of ab-
sorbed liquid per g of cellulose. One gram of Super Slurper
will hold 37 g of simulaced urine at 180X g. This abilicy to

bold liquid under moderate pressure suggests that Super

Slurper has real potendal a5 an absorbene.

Early laboratory procedures for the hydrolysis of SPAN
were intended t producs watsr thickeners, i.e. macerials
which would disperse in water with the addition of dilure
base to give viscous dispersicns. Thres preparative staps
were used: (i) the graft copolymer was formed and then
isolated 0 that unresctsd monomer, salts, ungrafted search

414
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Figure2. A flm of Super Slurper cus w0 desired shape (sea haad-
bald templats) and then immersed in distilled warer, swells unie
formly in all directions. Noca levters visible in swollen flm in

and polyacrylovicrile homopolymer could be removed;
(ii) che grzft copolymer was base-hydrolyzed and the re-
action mixture way thea acidified to pH 3 to permit isola-
ton and purification of the saponified polymer as the fres
carboxylic acid; (iii) the saponified polymer was dispersed
in water with the addidon of diluts base w give a viscous
dispersion. Drying of chis thidk dispersien gave our firse
absorbent polymer (4, 8].

In chis repore we will discuss ways w0 scale-up, improve
upon and make more practical our laboratory preparation
methods (9, 10]. We consider that a practical procedure for
making abeorbent starch-based polymer would: (i) avoid
intermediace itolation steps, (ii) permit efficient removal of
unreacted monomer 3o chat reacment with alkali ‘does not
form underirable monomeric acrylamide, (iii) keep the con-
centradon of extransous slt low and (iv) give high solids
cencentradon for che drying step. To achieve these goals,
it is necessary to sslest equipment that will confine the
highly volatils, coxic monomer for the grafting step and
have the capabilicy to mix the very heavy dough generated
during alkaline hydrolysis.

2. Experimental

2.1, Matzrials

Acrylonitrile (99.5%, pure) was obezined from Vistron
Corp., Lims, Ohio. MEHQ is prevent as stabilizer to the
extenc of 35—45 ppm (wt. basis), Dow Corning antifoam
AF emulsion is made by Dow Corning Corp., Midland,
Michigan. Ceric ammonium nitrate came from G. Fredrick
Smith Chemical Co., Columbus, Ohio. Potassium hydroxide
wag obtained a1 45 %/s caustic potash from Ashland Chemi-
cals, Columbus, Ohio. Sodiura hydroxide was obrained as
5Q¥/s caustic soda (reagene grade) from McKesson & Rob-
bins Drug Ca., Peoria, Illinois. Starches were supplied by
the following: wheas scarch, MSWS-100, spray dried, Mid-
wast Solvenas Corp., Atchison, Kansas; com stardh, Globe
Indusrisl Modified, CPC laternadonal lnc., Englewood

Die Stirion 29. [abry. 1977 | Ne. 12, $. 413412



New Jersoy; starch wexy maise, Amiocs, N~
Seard: & Chemical Corp., Bridgewstar, New Jarsey.

23. Equipmess

For our smnall-scale studies, we used a2 1-1/2f% ribbon
blud-(J.I-LDnyCo.).Thhblmdu(Mmk.pm.
30 ps ac 292 °F, jecker work. pram., 45 pai azr 292°F) is
oquipped with an extarnsl heat exchanger and 2 chermistor
probe coansctad through a ensducor t a recorder, thus
pannitting coatinouous monitoring of emperizare. lhe
blmdndsohaapmmdcaﬂymuvﬂoddhdumm
Largs quantitiss of polymer were mude in a ribbon blendar
(J.I-LDnyCo..ModdC,lO&‘wrﬁngapndeipJ)
anmhmhu&ngormmﬁngﬁa&n
voerm.SOpda:298°F.xhdlvork.p:w..amu
298°F).Thnbl¢nd¢izequippedvithadouhleribbmtrpo
agicacor and 2 center discharge porr. The agitator shafk is
bored i encire lengeh, and 20 sparge poru 1/8 in. in diam-
etar are equally spuced o permit che introduction of steam
into che product during processing, Macerial of csastruction
hsuinlmnd.qpa)lé,onaﬂpmdw-macﬁngm
chhmppﬁedmtbnt;iambya&-hpmrquiwd
with 2 variable spesd cransmision and chain drive. The
blmdum&mdwith:idnﬁllmbs.pmmpmthm
momewtr, vent valve, overhead hant exchanger for con-
deasing vapors to be collected in 2 receiver and 2 vaive
port @ permit sampling and che addition of monomer. The
blender was placed under a canopy-type hood.

LTI

4 , 13m]
Figure 3. Tchcubicfmﬁbbcablﬂdor.A-ddoﬂlmbql-
dnmbmmnw,c-mmmb-mﬂnmud

mmmE-mml-Mm
G = chermometcr.

Toadlino:hohigh—spnd,hi;h-:ha:uﬁzingmm
prepare higher absorbency products, we used 2 3 & Hydra-
pulper (Fig. 4) buile by Shartle Bros. Machine Co., Middle-
town, Qhio. This machine has an 13-in. diameter rotoe
having 18 ouxmida 7/3-in. vanes and eighe inside 11/16ein.
vanes; the rowe’s peripheral spesd is 3730 A/min. The
Hydrapulper is equipped with 1 solid, stainles-stee! bocrom
place to replace the usual perforaced one.

The drum dryer is Model GF10 made by General Foods
Package Equipment Corp., Bentoa Harbor, Michigan. It has
3 variable rpeed motor and is modified for steam beating
the drums,
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Figare 4. Hydrapulper. Top drawing thows interior visw with
fixed vanes and vaned rocor.

The Cowles disintegrator was Model 7RT with a S-hp
motor; cthe disintegrator shaft speed is 3000 rpm.

2. Small Scale Rencrion

Sixty pounds (27.5 kg) of distilled water and 4.74 lb
(2.15 kg) of starch (14 %s moisturs) were charged ineo the
blendar, the lid set in place and the search cookad at
194200 °F (90-+99 °C) for 30 min. The dispersion was
cooled t 86 °F (30°C), the lid was raised and 4.41lb
(2 kg) of acrylonitrila (AN) was 2dded, followed by 22102
(62.6 g) of. ceric ammonium nircace’ dizsolved in 2.5 b
(1.1 kg) of 2.1-N niwic acid. The Lid was ser in place and
tha mixoare was stirred for 2-1/2 h. The pH of the mizrure
was then adjusted o 7.5 wich 1.1 |b (500 ml) of 1-n petas-
sium hydroxida, and 2 lintla antifoam emulsion vras added,
AN-wacer axeotrope was disilled for 2 h, after which the
mixture was cooled slighely, and 3.8 b (1.724 kg) of potase
siam hydroxide pellets was added. Saponification proceeded
at 95 °C for 1 h. The reaction mass, typically abour 7G b

(31.8 kg), was discharged.

2.4. Scale-Up Reaction

Four~huadred pounds of distlled wacer was charged by
gravicy flow through the side il tbe (Fig. 3) leading from
an upper dedk reservoir. After 34~1/41b of rarch was
added to0 the mtirred wacer and the reazwor lid set in place,
the reactor waa heaced by applying 38 —40 pri steam to the
jackez. The starch dispersion temperature rose to 180 — 195 9F
and was held at this temperacure for 30 min, while geladni-
zation took place, after which the steam was vented from
the jackst and cooling wacer was applied in iey place. When
the srarch dispertion had cooled to 2 temperature of 90 °F
o less, 34.5 |b of acrylonitrile, which had previcusly been
siphoned from ity commerdial drum ineo 2 suitably shielded
carboy, was blown into the reactor through port D (Fig. 3)
uging nitrogen at 2 pressure of 2 ¢o 3 pni. We found chis
method sadsfactory for handling voladle, toxic AN. After
all the AN was added, 0.78 |b of ceric ammonium aitrate
was dinsoived in 14 Ib of 0.1- nitric acid and the solution
addd through port A. Thv temperaruare of the reaction
mam rose shortly after addition of inidator was complated,
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and chis exotherm continued at a rats of approximataly
1 °F/min for 30 min. When the exotherm was completed
(3Q min), 70 g (arbitrary amount) of commercial andfoam
in Llb of water and sufficient commercial 45 ¥/s porastium
hydroxide to neutraliza the acidic reaction mass were addec
through port A. Valve 8 to the heat exchanger was openad
and steam way applied o the reactor jacker. After 30 min
of heating, AN-wacer 1zeotrope began w distill, Distillation
was coatinued for 1—2 ki until the distllate was clear. To
avoid foam formation aad a pressure build-up, for whid
the equipment was not designed, cooling water was run
through che jacket undl the internal temperacure dropped
30 °F. Fifty pounds of disdlled water wa2s added through
port 4 w0 make up for water lest during distillacion and
then 44.51b of commercial pocassium hydroxide solution
was added for saponificadon. Steam was applied w the
jacket a¢ 38 ptig and maintained for 1 h after which the
pressure was reduced to 7 psig. Steam was passed through
the hollow perforated shaft to purge the rescrion mass of
byproduct ammonia. Jacket and sparge sceam war shut off
and cooling water was applied w the jacksr. When the re-
acrion mass had cooled w0 170 °F, the reactor lid was re-
moved ™ show a light ras, bread-doughlike material which
had 2 pH of 12.5. Eight pounds of glacial acstic acid, well
mixed igco the dough, reduced tha pH t 8. The dough was
removed from the reactor via the discharge porr (F) and
was found to conrain 17.8 % solids.

As an alternats methed for geladnizing the srarch, wo used
2 Penick & Ford laboratory model continuous cooker {11]
with 2 pumping race of 0.31 gal per min aad 2 slurry rank
capacity of gzl Search (33-1/41b) in 2 129, aqueous
slurry was continuously gelacinized wich sceam ac 240 °F,
and the dispersion was then diluted to 7% scarch concen-
tradon. This dispersion was pumped into the 10 &3 ribbon
blender 1nd cooled to below 90 °F.

2.5. Preparation of Crude Flaies

The wet marerial from section 2.4 was hand-fed inwo 2
center feed, double drum dryer with 2 drum tpacing of
0.002-in. az drying temparacure. This dryer has 12X 18-in.
drums with 2 tocal drying surfacs (bath drumas) of 9.42 88,
The drums are heated with 55 psig sceam and rotate ac 2
speed of 2rpm. Surface tumperature of the drums was
240—230 °F, aad the dry product pecled off in sheets ar 2
rate of abour 6 lb/h. The drum-dried polymer (5—1Q ¢/,
moiscure) was ground through a 3/8 in. roundhole screea in
an Abbe mill to give crude flakes which typically absorbed
250 g disalled water or 48 g of 1 NaCl soludon per g
Moisturs content varied with relative humidicy.

2.8. Preparation of Rafined Powder

Fifty pounds of the hydrolysata (17.8 %/s solics, pH 3, sec-
ton 2.4.) was placed in a 50-gal baffled, stainless-scenl bar-
rel and placed under a sawrooch Cowles disintegraror. At
3 rate just sufficient © prevent salling of the sdrrer, 14 Ib
of distilled water and 50 Ib of 95 /s ethannl were 2dded ro
the hesvy dough: when good dispersion was achieved, the
mixer was scopped and the solid was allowed t0 serle. The
fuparnacnt was removed by means of 1 valved ride opening
ar the bortom of the drum. The solid was washed twics
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with 50-1b portions of 95 ¢/s ethanol and the final granilar
product was placed in trays and dried in 2 forced-air oven
ac ambienc temperature. The graaular Super Slurper (11 %/
moisture) was ground in a laboratory hammer nill, usng
care to avoid appreciable temperacure build-up. The ground
polymer (349, held by » 120-mesh screen and 319 held
by 2 325-maesh screen) sbsorbed €02 g of distilled warer,
100 g of @p watsr or 50 g of | /¢ NaCl soludon per g.

27. Preparation of Higher Absorbency Products

Higher absorbency products can be obeained by mechani-
cally shearing the hydrolyzed gratt polysner. A Hydra-
pulper was wed for the shearing process and 48 poundi of
disdilled water filled the voids un-er the rotor and in ¢he
large exic piping. An addidonal 14 Ib of distilled water were
metered into the Hydrapulper, and while this was strring,
50 b of alkaline hydrolysate (pH 12.5, 20 9/ solids) frorm
the ribbon blender wers added slowly., Afisr the wirrure

. had sdrred for 90 min, tha wiperacure rezched 140 F, and

considerable additiona! wmmonia wwolved. Brook€eld vie-
cosity of che muature (asw ax pif 10,0 snd § v/ rohuls) was
78,000 cp (6 rpm) ac 110 V. Hydenpulped wuwsrial was (e
covered, and 50lb was rsumabzed wich 53 ol of glacial
acotic acid and chun drum dried. The cruds fAakes obruined
aftar coarse grinding absorbed 700 i of distilled wazer per .
Tha remainder of the hydrapulped macuial way precipicated
with alcohol as described in section 2.6. A snall amount of
potassium acetate was added during precipitadon to clarify
the supernacanc. This precipitated produde, after drying and
grinding through a 1/8-in. round hola screen 2bsorbed 2bouc
1300 g of distilled warer par g.

2.8. Processes to Make Films wod Mats

Refined product (section 2.6.) befors drying was dispersed
in disdlled water at 2 conceneration of 0.5 to 19/ using 2
Cowles disperser. The resultant clear, viscous dispersion was
poured through chcesecloch to remove any rermaining lumps
and then was poured into plastc-lined wrays and dried in 2
forced-air oven ar ambienc temperaturn to give clear Almy
whose flexibilicy varied greatly wich their moistare concent.

Two pounds of refined powdar (section 2.6.) was allowed ta
absorb 50 1b of distlled wacer, and che resulding mass of
larg> gel parucles was shrred wrich 3 2-hp air sdrrer while

further additions of water were made o give 2 final disper--

sion conmining 3 #y solids. The dispersion was ponred inro
trays sprayed with silicone mold release, and che aays wers
placed in 1 Virds SRC-42 freeze drier. When the drying
process was complere, there remained 3 continuous fibrous
mat (8.4%s moisture} which absorbed 600 ; of diselled
WRCAT Der .

23, Procedure to Measxre Absorbency

To avaluate water absorbency for dry, ground Super Slurper
under fres draining conditions, 0.25 g of saraple is yifted
into 500 ml of disvilled water and allowed to soak for 2
measured lengeh of time. The mixture is chen poured onw
1 fine-wesh sieve fceed with 4 collecting pan. The unab-
sorbed water is collected aud weighed znd che grams of
water absorbed per g of dry polywmer is calculaced. A similar
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procedure is followed to determine the absorptoa of an
“slectrojyse soluton. One gram of sbsocher is soaked in
100 ml of electrolyts soludon and poursd through a sieve;
the «xcess electrolyts solution is collectsd and maasured
For either fluid, more than 50 *s of capacicy is reached in
30s Rats of absorpdon is, of course, related to particle
size.

3. Reauits and Diccuseion

More polymer heterogeneity than usmal can be expected
with grafted polymers, since, in addidon to molecular
weight dispersity, ons can expect chermical compostion dis-
persicy ranging from homopolymers w polymers composed
of equal proporvions of the composens. [ncreased hetero-
geneity is cxpected when the grafted polymers are sibjscred
w chemical modificadon, as s wue of car process; repro=
ducibility of product properdes could thus be endangered.
Ia our laboratory preparadons (9, 10] we atempted to
exercise some contrul over dispersity by repeazed extractions
of the S-PAN grait copolymer prior ta alkaling hydrolysis
and by again extracting the hydrolyzed graft copolymer in
ics wacar-insoluble, frea carboxylic acid scam. However, such
procedures did noc appear practical for large-scale preparz-
doas, 0 we detigned a sngle vemel procerdure for 2 cruda
product with no ezrraction seapz.

Distilled water was ued, because preparadons with np
water gave highly colored, lower performance product.
The ceric ammonium nitrate-pitric acid solution was pre-
pared immadiacely before use sincs the ceric complex bas
limiced stabilicy in dilute acid or water. Caric 2mmonium
aitrato is used w form complexes with starch: decomposi-
ton of thesa complexcs result in fres radicals which serve
to inidate polymerizaton. Graft polymerizations using 6
7 %4 starch dispersions resuited in 12— 13 ¥y graft copolymer
dispersions, While it is possible o gratt polymerize ac higher
search concentrations, 12—139 graft copolymer concen-
tradon wis maximum for successtul hydrolysis in our
equipment. AN was added to the srarch dispermon and
stirred for 5 to 10 min prior to the addicon of initator to
assure yood disribution of monomer, The proportions used
allowed the AN, which forna a 7.3 %, soludon in water at
20°C [12], to dissolve.

When the polymnerization is over, thare usually remains a
small amount, about 5 %s, of monomeric AN dispersed in
the colloidal graft mixture. Since toxic acrylamids is 2 pos-
nible product from hydrolyns of unpolymerized AN, ic is
aecentary 1o remove this AN before hydrolysis is begua.
We found 1 convenient ind eficdent mathod for AN re=
moval to be stzam disulladon. The reacton mixrure is firse
neutralized to avoid acid hydrolysis of the starch moicry,
and annfoam is added becausa considerabls foaming occurs
without it. AN forms an a1zeocope with wacer which boils
at 160 °F and contains 8396 AN. Careful distllaton
would permit almosc complete recovery of unpolymerized
AN in a1 form suitable for reuss in the grafting mep., When
this distillacon procedure #as used, we obrained produets,
following alkaline hydrolysis and isoladon by drum drying
or alcohol precipication, which gas-liquid chromatographic
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messurementy thowed 0 have no detectable AN and less
than 10 ppm acrylamide.

Following the disuiladon stap, the reaction mass was cooled
w 160~170°F w0 prevent wo rapid » reaction when the
allkeali was added, and waur was added to make up for
losses during steam disulladon, Following addidon of
alkali, wsmperatura of the reaction mixmure way caised
195205 °F 2nd maintained for 1 h. The development of
2 deep-red color and ims graduval disappearanca durieg hydeo-
lysis has been desciibed previously [9). It is duning the final
stage of hydrolysis thar ammonia is evolved. Procedures w
efficiently remove :mmoniz would increasa recoverable by-
product and 4lso dicreasa the amount of acid required for
neutralization, thus giving a1 crude product with lower
extraneous salt cnorent. -

When hydrolysis is complete, the heavy, doughlika macerial
in the mixer contziny 16--20 % solids and has 2 pH of
approximately 12. In this alkalins scate, the wet dough can
be stored indeanitiy; nowever, if the mixoure is adjusead
to.pH 6.5—3.3 (usally wich acedc acid), a1 i3 necewary
before drum diymyy, the vwee mizwurs becomes an excellenc
growth mediun tor nucrocrganisms and therefore muse be
stored in the cotd and only for 2 shore ume.

Super Slurpsr wnas isoiated from the doughlike reaction mas
by a2 aumbar of diffcren swthods Drum drying e resse
don mase »ué 1 consauane wethod foe preparing a crude
product. Alcosinl prucipitadon gave 3 higher zosorbency
product due in part w removal of esrraneous salis, Wa
have not attempted w drvelop 2 practical procedure for
producing refined Supcr Slurper by alcohol washiag of
crude hydrolysate; however, mail batches were precpimared
using 93 %e cthrnol. Ethanol was ussd for precipiadon be-
cawsa facilivies wore not 2vaizbly w handle che mare toxic
alcohols such as methanol, aldiough we recognize the eco-
nomic 2dvantages of their use. For 2 commercial process, we
visualize precipication with methanol followed by drying at
elarated cemperatures (o facilitate reroval of methanol
from the solid product. Super Slurper could also be prepared
a1 2 film or 29 & freeze dried mar (soe Experimental).

To obwin inforruarion 1bout :oma of the many variabley in
our procss, wa prapased 2 number of products on a small
scale using 1 1-1/2 1Y ribbon blender (Experimental) and
compared thewr zbsorbncies (Table 1). The method used w
measure absorbancy (sea Experitmeneal) i1 desipned o give
an approximacen and not 2 precisa value. Absorbencies ara
similer writh the exceprion of the low valuz in che last caery,
for which the AN/glucosa unic (GU) molar rzdo of 1.63
was Jower thar tha usual 3.30. Conversely, La the first entry,
where 3 rado of 6.60 w3 usad, the absorbency value of 528
is very acarly tha average value of the remaining sena.
We concluded thar limiring our AN/GU racios to berwem
3.2 and 3.6 (or that rado designed to give a S-PAN gratt
polymer composed of ibout equal weight of the two
moieties) would 7ive ut informatioa of tha greacese pracrical
value. Whan aibsorbencies arc compared, it iy apparent that
a variery of whnle starcues can be used almost incerdiange-
ably. Either NaOH or KOH gives sacdiafactory hydrolysis,
and producw having eitner cation perform well Alkali: AN
molar rados reporied {9, 19] for the hydrolysis of S-PAN
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Table!. Dawm Obtained from Propurasions Usiag 1-1/2 88 Bleadarl).

, ,
Sarch ANIGUR  %Ningn#  ALal/AND  WiNinduper yoork  Loldsa ol
Amiocs 6.5 1617 a.30% 445 11.09 MeOH 528
Amioca 330 - 0.409 418 9.1 MeOH sag
Com 330 1299 0809 447 9.11 MeOH 46
Com 330 - 0.809 3.65 15.97 MeOH 600 (200)9
Corn 3309 14.550 0.809 4.87 - is0-PrOH 600 (204)%
Cora 329 14.60 o.800 - - E:OH 44
Com 329 13.02 0719 - - EcOH s04
Whest 315 12.11 0.609 4 9.71 (176—292)8
" Com 1.5 - 0714 - - E:OH 168

—
~

Preparstions were. mads using 11.4 g-molas of raarch glucnee uaie
(g-unir we. of GU = 142),

2) Molar rado.

}) NaOH.

4) KOH.

5) Deum dried.

6) Used 0.008 moles ceric inidator per GU sad 0.092 moles HNO,
bol [v]nmmdnumimdfuinhudPANmoo’arofthhmﬁ

range from 2.5 to 10; however, we now have lowered this
ratio w0 Q.6. This lower ratio is more economical and gives
a product with lesy extraneous sale.

The results of 5 duplicata preparacions are given in Table 2.
Although there is variaton in percenc solids after seeam

(GU); .01 moales ceric initiator par GU; 0.0" moler HNOy per GU

per GU,

2ad foand to be 9.2,

distillacion and in weighes of recovered wer and dry pro-
ducts, thess larcer variacions ara dus pardy to machine
losses. The composicions of ths crude graft copolymers, a1
indicated by percent PAN and percent N, were similar, as
were che absorbencies. As expected, che percent volaziles
were diverse, since product: were air-dried under ambiens

Table 2. Data Obrained from Duplicacs Prepararioas Using 1-1/2 A3 Ribbon Blender!).

Solids after . . Volatiles Absorbency,
Search?) ream PANY) in Nia Wet Dey in Absarbency, co | for
conc. disdlladon crude graft crude graft productd) product? product asis volaciles
(*0) (*/e) (o) (%s) ] (Ib) (") (3 He/g) (g HaOfs)
6.3 112 46.) 12 67 1128 13.8 47 473
&0 103 46,4 13.10 77 1028 137 416 495
5.9 9.9 46.3 1296 - 12 19.8 360 450
6.2 112 463 1263 78 115 14.6 363 433
62 9.8 443 12.25 77 1029 13.4 o4 423

1) Preparacions were made using 11,45 g-moles of com search GU;

Q.01 mole caric initiatoe; 3.29 moles AN per GU; 0.71 moles KOH

3) Determined gravimacricaily atter removing starch by acid hydrolysis.

4) After alkaline hydrolysis.
5) After alcobol precipicasion.

condidons. The use of hear in the drying step was avoided,
because after isoladon Super Slurper loses some absorbency
with extended exposure w elevaced temperature. To demon-
serace chis, a product was placed in 2 Cenco Moisture Ana-

" lyzer ac 250 °F for periods varying from 2 to 60 min. Loss
of volariles ceased after 15 min, with the majority gone
atter 1Q min; bur, diminudon of absorptive capacity con-
tinued for 60 min as shown in Figure §.

AN w© glucosa unir (GU) mole ratos varied from 3.169 w0
3.693 (Table 3), but within this narrow range we noted no
marked efect on water absorbency of the final products,
The lowese initator-to-starch radio used was 0.0076 moles
of ceric ammonium nitrata (Ce™) per GU. Following the
addidon of initiator soludon, an exotherm occurred. This
is shown in Figure 6 for two different preparations. The
peak temperature occurs after 30 min.
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. A dme srudy of polymerization was carried out by wich-
drawing samples of the reaction mixrure at intervals, A

Figure 5. Effects of elevaced (250 °F) temperature on absarbency,
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Gun Coi® AND KOHM Lb product®) Abeotbency (g HyO/g product)

whess rearch GU e, AN Drum dried Alcobol ppe Dislyzed
0.183 . 00076 3552 0874 9n 289 (700)9 592 (1300)4
%1839 0.0076 35882 0.574 %0 299 508 (1413)9)
0183 Q.0076 3552 0574 920 268
0.183 0.0076 3552 0.574 -9 268
0.133 0.0076 3882 0574 1009 292
o183 0.0076 3852 0580 9 608
0113 0.0076 3552 o577 89 (336)9)
01839 0.0152 3552 0.580 8s 332 156
a3 0.0093 L& 0.429 869) 382 1500 (500)9
o183 0.0093 3.169 0.429 269 17} 1620 (996)9
ais 0.0093 3.169 0.629 169 300 1672 (8729
0.183 0.0093 3.169 0574 3 285 520
2183 0.0093 3.169 o881 98 224 1412
0.17719) 0.00%6 o7 0574 78 652
0.1771® 0.0096 o 0.629 14 (852)

1) Based on a b.-uait we. of 162 for the glucose uaiz (GU)
2) Molar rado.

3) Calculated on dry basis.

4) Machanically sheared in Hydrzpulper.
3) Starch gelannized in continuous cooker.

m
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Figure 6. Ezocherm. The temperaturs of graft polymerizatioa
mixcare plocted againse rime. Results of two rans are shown, 2ad
ia both insmanies peak temperature occurs after 30 mim. Solid
line = Ran No. 1, Table ). Broken line = Rua Na. 2, Table 3.

50 ml sample of graft mixture was added to 1Q ml of 5%
hydroquinone soludon and the sampier was rinsed with
10 ml of wacer. Solids determinadons on the aqueous dis-
persions wers mada using a2 Cenco Moisture Analyzer, and
tha observed increase in percent solids proved o be 2 con-
venieae, r2pid method for measuring polymerization which
gave renules comparable o analyvical resules. Figure 7 gives
the results of both of these methods, and it shouald be noted
thac virrually all polymerizadon occurs in the first 30 min.
This is the same dme period of temperaturs rise thowa in
Figure 6; therefore, tamperature riss can be used to mo::itor
the reaction, and polymerizadoa can be presumed to be
over when the temperature begins to fall.

Yhen the kigh pH hydrolysis product is subjected to me-
chanical shearing in a Hydrapulper, the viscosity of the
doughlike marerial is reduced undl thers is obezined a
smooth-Aowing dispersion which can be readily diluted and
pH-adjusted cither for aoplying © substrates, such as cellu-
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6) Includes scetic acid added co adjuse pHL

) NaOH.

8) Waxy masize sezrch,

9) Crude product tray~dried a¢ aizlysis coneeneration,

10) Com search

14 pemevasmmenye:

ap

gu-

w'"

2,0
ip
b S0 I et
as o ey,

Figure 7. Time study of graft polymerization of acryloaitrils o
search (Firse Run, Tabla 3). Polymerizadon hus nearly ceased after
30 min. Solid line gives ¥/s nirogen plottad againg time. Broken

line gives /s solids plocred againse dme.

losics or clays, or for final prucessing to’a dry product.
Sheared products have high absorbencies comparable two
dialyzed products, a3 caz be seen in Table 3. We were able
to shear mixtares having from 5 to 15/ solids to give

products with comparable absorptve capacicy; however,
when shearing was carried out ac tha highest solids level, it
was extremely difficult ©© remove the mixmure from the
Hydrapulper, which depends on gravicy flow to empey.
During shearing, coasiderable heat is generated (Fig. 3}, and
addidonal ammonia is evolved.

Portions of wet dough from a single preparation made in
tha 10-f% biender were isolated by three different methods:
drum drying, alcobol precipiratios, and Hydrapu!per thear-
ing followed by alcohul precipication. Analyses cr"@fi"&;y
isolates ara presented in Table 4. Ay expected, the K contenc
is less for precipitated products because monomolecular X
sales have boen largely removed. Since the material shearsd
in the Hydrapulper and then precipicated has a higher per-
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Figure8. Effects of shearing in Hydrapulper on temperacure.

The temperature of hydrolyzad rard-polyserylonicrils mixssre
ploced sgainee shearing time.

cent K but lower percent C and N than the uasheared
material. one might conclude that soma further hydrolyris
of amide groups has occurred during the shearing step.

Table 4. Analyrical Finding) for Differcns lsolacss from Firss
Run Lisced 2 Table 3.

Dolation method Y% C Yo N  YsAsh(cale 3 K)
Drum dried 39.19 3.49 14.84
Aleohol ppe 247 .16 12.19
Hydrapalper (6.4 )t)-

alcobol ppe s0.64 408 13.8

1) Concentration after hydrapulping.

To summarize, we have found thsz a product prepared
without intermediate isolation seps is as absorbent 28 one
prepared with such seaps. Qur study indicatss chae 2 graft
copolymer having equal portions of PAN and starch is
appropriaca for preparing Supsr Slurper. Lower proportions
of PAN gave a product with low absorption; however,
higher PAN content (e.g., 2 PAN to | srarch) did oot give
products with higher absorbencies. A critical swp in Super
Slurper preparation is the final proceming stage. For ine
scance, mechanical shearing o produce good dispertion aad
releass of byproduct ammonis prior to pH adjuranent and
isolacon gave product with highess abeorpdive capucity.
Drying temperatures were also importane, sincs long ex-
posura (in excess of 3 w $ min) tw high temperaturs, when
moiture conunt was low, seadily decrewsed abeorpdve
capacity.

4, Preliminary Cost-to-Make Estimate

A preliminary cosc atimate for producing crude flakes
(Experimental) of drum-dried Super Slurper indicaces that
for 2 hypothetical plant with an annual capacicy of 10 mil-
lion Ib of product (5 */s moisture), the cost to make is about
$0.32/lb, when starch is pricsd ac $0.10/1b, and the pre-

dicted yield of product with 5 %/ moiscure is 317 1b/100 1b

of commercial starch (Table 3). Estimated fixed capiral in-
varmment for a bactery limics inseallation (includes only
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oqmpmcnz and other facilices directly associazed -with.
the procem) for producing 107 Ib/year of crude flakes is
$2,500,000.

Table 3. Estimated Cost-to-Maks Cruds Drum-Drisd Flakes of
Saper Slurperl) in & Planc® with 107 Ib/year Capacity Oparacing

24 h/dlr. 230 dayyfyesr.

, $/b of
Cact iven crada flakes
Row meterials
b Reactaure $/b
109 Seardh 0.10 Q32
134 Cais ammonivm nitraze 260 a.019
Nominal Nitric aca al -
1033 Acrylouirrils o a.css
133.5 47 */s Pocassium hydroxide 0.075 0.032
24 Acstic 2cid Q18 o.011
e
Unilicies (sceam 8 2.C0/M 1b, elsc. $ 0.03/kwh,
water § A30/M gai) G038
Lsrar and smpervision (oparauns $§ 7.00/h) 0.033
Manteraance Q.014
Fized drerges (depreciarion 1Q Ysfyear,
axm and inrarnnce, 3 Yefyear) neat
Generdl plant avavheed 0.024

1) Procadure I, Experimental.

2) Estimated fixed capital investmaent: § 2,500,000 for bazzery
limics inseallas

3} Predicted yield of produce including 5 */s moisturs,

Tablo 6. Esrimaced Cost-to-Make Refined Powdersd Super Sluse
perl) in a Plam® wich 107 lb/year Capucicy Operacing 24 b/day,
250 days/year.

Com icam (3 of re-
Rew materials
lb Reacrane $/1b
100 Scarch 0.10 0.034
34 Ceric ammonium nicrare .60 0.021
Noainal Nieric acid all -
103.5 Acryloaitrile 0z Q.095
+ 1334 47 */e Potastiym hydroxide 0.07% Q.34
39 Acatic scid Q.15 Q.04
Muethanai®) Q.42/gal 0.027
2940
Utilities (stesm § 2.00/24 lb, elec. $ 0.03/kwh,
weoer § 0.30/M gal) 0.042
Labor and supervision (operceors § 7.09/h) 0.0%9
Meintenance 22
Fixed charges (depraciation 10 */sfyar,
taxes and insurance, 3 */sfyear) 0.030
General plant overhesd 0.041

Esumated cost-to-maks 0,449

1) Procsdure [1, Experimencal.

2) Estimacad fized capiral inveroment: $ 4,000,650 for bactary
limits inseallation,

3) Based on 4 ¥s los.

4) Predictsd yield of produce including 10 e moistars.
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A rough cost estmare for producing refined powder form
‘of Super Slurper (Experimental), which includes methanol-
washing of the wet cruds material, shows thae for 2 hypo-~
thedzal plant having a capacity of 107 lb/year of refined
product (10 */s moisturs), the cos*-co-maka is abouc $0.45/1b
of product (Table 6). Yield of product with 10 %/ moistura
is predictsd to be 294 |b/1C0 b of commercial starch, Erti-
mated frxed capital investmenc for 3 bartery limirs installa-
tion to produce 107 [b/year of refined powder is $ 4 million.

Both hypothetical plants are considered o be adjunct to
an exisung procesiing planc. Costs are reportad as of lats
1976 and cost items included in the estimated con-to-cinka
are: raw materials, udlities, labor and supervision, mainte-
nance, fized charges and general plant overhead.

In this estimare, ic is assumed that combined tma for graft-
ing and mponification is + h. Iz is likely thac chis ime can
ba reduced, and the process may be suitable for condnuous
operation, at least in part. No credic has been given in the
estimats for the AN, which is removed and recovered
through steam disallation; however, the cost for ity removal
is included as parr of the production cose. How the amo-
nia thac is removed it the end of the hydrolysis seap will
be disposed of or recovered hus noc been resoived. Also, th:.
cost for is recovery has not been included, and no by-
product credit has been given for it

A complets pracrical procedure for producing alcohol pre-
cipicatad Super Slurper has not been daveloped. Alcohol
precipitacion, mostly with low toxicicy ethanol, has boen
carried out in small batches, but no attempe has been made
to optimize the process. Our estimaze agumes the use of
10 |b of metn2nol per Ib of produc, isoladon of the product
by cenerifugation, and an expected overall loss of 4 /o alco-
bol It is assumed thae the alcohol in the cenerifugaces will
be combined with that recovered from the drying step and
will be distlled to give anhydrous methanol, which will be
recycled in the process. Scudies are necemsary to devermine
the minimum amounc of alcohol required to obtain an ac-
ceptable product.

Raw macerials represent 54 Yo of the toral escimaced cosc
to maits crude Sakes; and AN, wien pricod ac $0.27/lb,
represencs 27 % of the toml. Esdmacion for the refined
product sets raw materials ac 48 /s of wal and AN ae
21%. Srarch ac $0.10/lb  presencs 109/ and 3 %4 of che
cose of crude and refined producty, respecvely. Prices for
raw materials ocher than strch and caric iziciator were
obrained from Chemical and Marketing Reporter. Pricss
for starch and cari¢ initiacor were obeained by communics-
tion with suppliers.
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Zusammanfassung

Eln praktisches Verfahron mur Hermeslung von .Supar-Slurper®,
einem Polymer auf Stirkabosis mit grofum Wirsrbindungrver
mdgen. Das fere, wasssrlotlidie, in Waszar que!'-ade Adsorbens
~Super-Slurper” ist ein basanhydrolysieres Scirke-Pfropicopaly-
mez, in weldrem dic Nitrifunkdor in eine Mischuag zus Carboz-
amid und Alkalin.etslleuiiorylaz umgewandalt wurde. Ausgehend
voa Unterruchungen im Liboratoriumsmafiseab wurde ein Ver-
fahren zur Herstellung das Polywery in Kilogramm-Mengen ent-
widkele Das Verfihren vermeider intcrmediim Dolierungusenfes,
erlaube dis wirksame Encfernung des nidie umgeserroen Monomers,
hile die Korzmtratian au Gberschivgen Salren oiedrig und er-
mdglicdiz eine hoho Fesatorkonzentration in der Troctnungsstufe.
Abwandlungm des Trocknungrverfahrens ermdglichen dia wahle
weise Herrallung von .SuperSiurper® in Film-, Macten-, Pulver-
odar Flodtenform, Das Abscharca des Hydrolysengemisches vor
der Isalierung und das Vernmidan der lingeren Einwirkuag von
hoherer Temperatur auf das isalierce Produke ergibe ~Supuie
Slarper® mit hachyr Absorpaon-kanazicit. Die verwendeta Appa-
ratur enupricie der industriallen Praxis, Dis Korten fdr dis Fler
sallung von trommalgetredineren Flodien in einem hypothetischen
Betrieb file 107 lb/Jalir werden saf $0,32/1b geschicze,

Résumé

Un procédé praciqns paar ls priparton de Supar Slurpar”, un
polymere A base d'amicun avae une yrande capecied d"absorpdoa
d'eaw. L'absorbaue solide wsaluble dags Ve, dénomms ~Supar
Slurper®, et un copolymidey grafé & husa d'amidon-palyacrylo.
nirrile, hydrolywd par crw hese, dans lequel la fosctioa airile a
été ransformés en un milzagy das carboxazide e de carboxylace
mézallique alealin. 2 pertic des expériences da lzborawire, ws
procédé qui pevmet la production da plusisurs kilos a été mise 2u
point. Ca procidé évira la éapes newmédizires d'lsolemen
permet ['dlimioasion efficacs du monomire non transformé, main-
dent une faible coacentration en matidre séche dlevée poar I'érape
de séchage. La vamation du procédé de séchage permar d’obrenir
la Super Slurper” rous foeme de filns, de plaques da puadre ou
de flocota. Le cisaillemene du mélanga hydrolyss avane Iisolement
et 12 précaution da ne pre exposer le nrcduit isolé & des temper-
atures devées conduisant & 'obrention d’un .Super Slurpar® ayaac
la plus grande capacité absorbante. L'équipement ueilisé cocres-
poad 1 la pratique induwscrielle. Les codey de fabrication da Hocons
séchés sur ambour dans une wina hypothétque produisans 107 b/
anoée sont mtimés 3 032 dollar/lb,
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Absorbent Polymers from Starch and Flour
Through Graft Polymerization of
Acrylonitrile and Comonomer Mixtures

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

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

Absorptionspolymere aus Stiirke und Mehl durch Pfiopfpolymerisz
tion von Acrylpitril- und Co-Moaomergemischen, Polyacrylnitril
{PAN) enthaltende Pfropf-Copolymere von Maisstirke wurden aus
Monomergemischen dargestellt, verseift und getrocknet. Die Mitver-
wendung bestimmter Co-Monomere fihrte zu verkiirzten Versei-
fungszeiten und hdheren Ausbeuten an adsorbhierten Produkten. Die
Substitution von Starke durch Mehl fiihrte zu Produkten mit héherer
Absorptionsfahigkeit als verseiftes Stdrke-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
muxture of alkali metal carboxylate and carboxamide [2).
[solation 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 of gel {4]. The remarkable
ability of saponified starch-g-PAN to absorb large amounts of
aqueous fluids has generated considerable interest. Suggested
uses for saponified starch-g-PAN range from incorporation
into personal care products, such as disposable diape:s, to
agnicultural uses, such as seed and root coating and addition
to sandy soiis to improve water retention.

Current research on saponified starch-g-PAN and other
starch-containing absorbent polymers at the Northemn
Regional Research Center has as its goals the improvement of
absorbent properties and salt tolerance, the simplification of

synthetic methods, and the correlation of polymer structure
with absorbent properties. [n 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
which result when selected comonomers are included with
acrylonitrile during graft polymerization.

2 Experimental
2.1 Materlais

Globe pear] cormn starch (Globe 3005) was from CPC
[nternational, and pregelatinized wheat starch was MSWS-
1000 from Midwest Solvents. Yellow corn flour, bleached
pregelatinized comn flour, and whole ground corn meal were
from lllinois Cereal Mills. Soft wheat flour was from King
Milling Company aad contained 1.66% nitrogen and
0.5% ash.

Acrylonitrile, Eastman practical grade, was distilled at
atmospheric pressure through a 14-ia1. Vigreux column, and a
center cut was collected and stored at 5 *C. Reaction grade 2-
acrylamido-2-methylpropanesulfonic acid (AASO,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
methacrylate and styrene were Eustman reagent yrade and
were distilled before use.

Ceric ammonium nitrate was Fisher Certified ACS grade.

2.2 Gratt Polymerization of Acrylonitrile and
Comonomer Mixtures

Astirred slurry o( 10.0 g, dry basis, of either corn starch, llour,
ormeal in 167 ml of water was heated for 30 minat85-87°C
while a slow stream of nitrogen was allowed to bubble
through the mixture, and the mixture was then cooled back to
15°C. For experiments performed with granular starch or
Nour. the stirred water slurry was purged with nitrogen for | h
at 25-C. Either 15.0 g (0.283 mole) of acrylominle or a
mixture of acrylonitrile and a comonomer (0.283 mole total)
was added to the starch or tlour suspension, followed after
about | min by a solution or0.338 g (6.17 x 10~ * mole) of
ceric ammonium nitrate in 3ml of 1-N mitnic acid. The
reaction muxture was allowed to sur under nitrogen for 2 h,
and in most reactions, sodiurn hydroxide solution was then
added to give a pH of 7. The mixture was diluted with 200 ml
of ethanol and the crude graft copolymer was isolated by
filtration, washed with ethanol and dned in vacuo at 60°C.
Weight percent synthetic polymer in the crude graft
copolymer (% add-un) was calculated from the gain in weight
due to graft polymerization.

Selected crude graft copolymers were subjected to repeated
extractions at room temperature with dimethylformamide
(DMF) to remove ungrafted synthetic polymer, and the
weight percent of the total product which was soluble in DMF
was calculated.

2.3 Saponification of PAN-Containing Gratt
Copolymers and Isolation of Absorbent Polymers

Dialyze and Tray Dry: A suspension of 1.00g of crude
{unextracted) graft copolymer in 20 ml of 0.5-N sodium
hydroxide solution in a 125-ml Erlenmeyer flask was heated
on a steamn bath until the mixture assumed a red-orange color
and thickened sufficiently to preclude cettling on standing
{about 5-15 min heating was required). The flask was loosely
stoppered., to permit escape of ammonia, and was then placed
ina95-100°C oven for 2 h. The length of time in the oven
needed to cause the red-orange color to fade to a light yellow
{an indication that saponification had gone to completion)
was noted. The reaction raxture was diluted with about
400 ml ol 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 dned to a thin filmin a
forced air oven at about 35-40°C.

Drum Dry Unpurified Product : A suspension 0f4.00 g of graft
copolymer in 50 ml of 0.5-N sodium hydroxide solution was
heated on a steam bath for 10— 15 min and was then heated in
a95-100°C oven for 3.5 h. After the reaction mixture had
stood overnight at room temperature, giacial acetic acid was
added to give a pH of 6.9 —7.2. The reaction mass was then
dried on a 7-5/8 x 6 in. diameter double-drum drier with a
0.003 in. gap separating the drums. Drums were rotated at
Jrpm and were heated with 40 psig steam.

Tray Dry Unpurified Product: A suspension of 2.00 g of graft
copolymer in 25 mi of 0.5-N sodium hydroxide solution was
heated on a steam bath for 10— 15 min and was then heated in
295-100°C oven for 2.5 h. The reaction mass was dispersed
in 200 ml of water and glacial acetic acid was added to give a
pH of 8.0~18.9. The dispersion was poured onto a Teflon-

coated tray and dried to a thin film in a forced air oven at
about 35 -4 C

Methano! Precipuate: A suspension ol 1.00 g ol gralt
copotymer in Y ml of 0 7-x sodium hydroxide sclution in a
25 ml Erlenmeyver Nask was heated on a steam bath for 3
— 10 min and was then heated in a 95100 C oven for 3 h.
The reaction mass was stirred at high speed for | min in a
Waring Blendor with 350 ml of absolute methanol. and the
precipitated solid was collected on a filter. The sohd was
triturated in amortar and pestie with fresh methanol; after the
resulting slurry had stood for 10 min. the solid was removed
by filtration and allowed to wir dry at 22 -C and 50% relative
humidity. Since variations in methanol content affected water
absorbencis, polyrers were allowed to equilibrate for at Jeast
3 days until constant absorbency values were obtained.

2.4 Meaasurement ot Fluid Absorbency

To determine water absorbency of dried. suponified poly-
mers, an accurately weighed 2 —20 mg sample of polymer
{amount used depended on absorbency) was ullowed to soak
for 20 min in 50 ml of deionized water. The swollen polymer
was then separated from unabsorbed water by screening
thiough a wared 230 meshi sieve which was 4.8 cm in digmeter.
The polymer on the sieve was allowed to drain for 20
— 30 min, and the sieve was then weighed to determine the
weight of water-swollen gel. Absorbency was calculated as
grams of water per gram of polymer. No cocrection for
moisture content of the polymer (about 10--20%) wus
applied. Polymers with abscroencies aver 1000 g/g had to te
handled with extreme care to avoid break-up of the highly
swollen films or particles and subsequent clogging of the sieve.
A similar absorbency test was run in simulated urine (0.64 g
CaCl,, 1.14 g MgSO, 7H,0.8.20 g NaCl, 20.0 g urea and
1000 g deionized water) with about 75 mg of polymer.

3 Results and Discussion
3.1 Use of Comonomers in Graft Polymerization

Selected comonomers were graft polymerized ajong with
acrylonitrileonto both granularand gelatinized cornstarch in
the presence of ceric ammonium nitrate to give graft
copolymers containing about 50-—60%. by weight, of
synthetic polymer. Graft polymenizations of monomer
mixtures containing | — 10 mole % (3.8 — 30.1 weight %) of
AASO,H (see the following structural formula (1)) are shown

O H,
] |
CHmCHCNHC= HSOH (1)
CH,

in Table 1 along with the times needed for alkaline
saponification and the absorbencies of the products, as
expressed in grams ofabsorbed lluid per gram of polymer. For
convenience, absorbent polymers in Table | were isolated by
dialyzing the saponification mixtures until a near neutra) pH
was obtained and then drying the resulting dispersions near
room temperature to thin films on Teflon-coated sheets.

When any PAN-containing graft copolymer is heated in
alkali. a red-orange color rapidly develops due to mual
formation of highly conjugated ring structures [6]. At the end
of the saponification, the red-orange color fades to a light
yellow. and thiscolor change thus servesas a good indicator of
reaction completeness. Although saponifications in Table |
were arbitranily run for 2 h at 95 — 100 -C. the saponification
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Table 1.

Gralt Copolymenzation of Acrylonitrile and 2-Acrylamido-2-Methylpropanesuifonic Acid onto Corn Starch. Absorbency of Saponified

Polymer
Absorbency
g flud per
Number Mole Weight Starch Add-on® DMF Saponi- g polymery™
% % granule %) solubles?! ficauon -
AASO,H" AASO,H state {%%) time*® H,O svnthetic
(min}) urine
0-Gr 0 0 Granular® 55 2.5 75 00 28
0-Gel 0 0 Gelar.” 59 12 90 1000 40
1-Gr ! 38  Granular 57 4.3 - 380 13
1-Gel ! 38 Gelal. 58 8.8 65 1300 58
5-Gr 5 17.0 Granular 56 9.3 - 570 19
5-Gel 5 17.0 Gelat, 56 9.7 kY] 2900 62
10-Gr 10 30.1 Granular 549 16 30 970 17
10-Gel 10 30.1 Gelat. 5810 - 28 5300 73

AASO,H = 2-acrylamido-2-methylpropanesulfonic acid.
Weight % synthetic polymer in the dry reaction product.

[solated by dialysis and tray drying.
Starch-water slurry maintained at room temperature.

Not determined.
9) Graft copolymer contains 0.71% sulfur,
10) Graft copolymer contains 1.29% suliur.

times given ir: the tables are the times required for loss of the
red-orange color.

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,H) in the copolymer is
largely in the DMF-insoluble sodium salt ~form,
poly(AASO,Na), rather than as the free suifonic acid.
However, due to the solubility of PAN in DMF, we would
expect that poly(acrylonitrile-co-AASO,Na) would aso be
DMF-soluble at low concentrations of AASO,Na. Alkaline
saponifications were run on unextracted polyraers.

Two important concluzions may be drawn from Table 1.
First, the incorporation of AASO,H as a comonomer along
with acrylonitrile gives gralt copolymers which require
significantly shorter saponification times, Shortening of
reaction ume is, of course, of criucal importance if the
absorbent polymer is to be produced economically on a large
scale. Second. use of AASO,H in conjunction with acryloni.
trile 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 of gelatinized starch with a monomer
mixture containing 10 mole % AASO,H results in a
saponified polymer which will absorb over 5000 times its
weight of deionized water. Granulay 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. [t is highly significant that polymers with
absorbencies of almost 1000 g/g can be prepared without the
need for starch gelatinization by simply including AASO,Hin
the polymerization recipe. Gralt polymerization onto granu-
lar starch not only shortens processing time and saves energy
which would be usea to perform the gelatinization step. but

Starch-water slurry heated for 30 min at 85 ~87°C and then cooled to room temperature before

Weight % of the dry reacuon product dissolved by exhaustive extraction with dimethylformamide (DMF).
As indicated by the color change from red-orange to yellow. All saponifications were run for 2 h.

graft polymerization,

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 cxamined some more practical
methods for product isolation 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. [n
fact, when gelatinized starc: was used, absorbencies were
about the same regardless of the AASO,H content of the
monomer mixture. With granular starch, significant increases
in absorbency were realized with monomer mixtures contain-
ing 5 and 10 mole % AASO,H.

Table 2.
Water Absorbencies of Sapontfied Polymers from Table 1. Depen-
dence on [solation Method.

Absorbency (g H,O per g polymer)

Number!' Drum dried Tray dried Precipitate
unpurified unpurified with
product product methanol
0-Gr 180 - 230
0-Gel 320 430 1500
1-Gr 240 - 260
1-Gel 330 980 2600
5-Gr 320 - 590
5-Gel 290 1800 1800
10-Gr 350 - 1000
10-Gel 310 1600 2500
1) From Table 1.

Starch.Starke 30 (1978) Nr. 7. S, 237242



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,H, even though the absorbency of the 10 mole %
AASO, H product was lower 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 sait
contents.

Finally, absorbent polymers were isolated by precipitation
with methanol followed by air drying. Polymers prepared
from gelatimized starch with 0 and ! mole % AASO,H
showed higher water absorbencies after methanol precipita-
tion than they did after dialysis and tray drying, while those
prepared with larger amounts of AASO,H 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 { and the methanol precipitated
products of Table 2. If we consider the four methanol
precipitated products from granular starch, it is obvious that
incorporating AASO,H in graft polymerization mixtures

leads to significantly higher water absorbencies. The benefi-

cial effect of AASO;H on the absorbency 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 % AASO,H,
and these anclyses showed that synthetic moieties contained
only 2.3 and 4.2 mole % AASO,H, respectively. Analyses of
saponified graft copolymers, however, showed that 80 —85%
of these AASO,H repeating units were still present in the
polymer and had not suffered alkaline saponification.
Although reaction mixtures were normally newtralized with
sodium hydroxide before product isolation, we also ran a few
graflt polymerizations with AASO,H as a comonomer
without neutralizing the acidic reaction mass before isolating
and drying the product at 60°C. However, these graft
copolymers gave saponified polymer films, after dialysis and
tray drying, which in many instances were 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
saponified graft copolymer with 56% add-on prepared from a
monomer mixture centaining 5mole °% AASO,H and
95 mole °%4 acrylonitrile absorbed 87 g of synthetic urine per
gram of polymer.

[f the percentage of AASO,H 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 54° add-
on prepared from a mixture of 31 mole %% (63.6 weight %)
AASQO,H and 69 mole 4 acrylonitnle absorbed 580 times 1ts
weight of deionized water and 21 times its weight of synthetic
urine. The pH ofa viscous 0.67%% dispersion of this polvmer in
water was 2.5. The ablity of a graft copolymer of this type t»
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 ofabout 3), the polymer precipitates from dispersion as a
rubbery mass, which shows a greatly reduced absorpiive
capacity for aqueous fluids [2].

Graft polymerizations of mixtures of acrylarmide (10 o
20mole %) and acrylonitrile onto both granular and
gelatinized corn starcn and the saponification of the tesulting
graft copolymersare shown in Table 3. Extraction with DMF
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 tinies
needed for alkaline saponification were shortened cousidera-
bly when acrylamide was included in polymerization mux-
tures. For example, a graft copolymer prepared from a mixturz
of 20 mole % acrylamide and 80 1nole % acrylonitrile was
completely saponified in a remarkable 12 — 13 mun. Since all
sapomnifications 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 Copoiymenization of Acrylonitrile and Acrylamide onto Corn
Starch. Absorbency of Saponified Polymer.

Absorbency
(g fluid per
Mole Weight Starch Add-on DMF  Saponi- g polymer)®
% %  granule (%) solubles fication
AAN AA state (%) ume H,0 Synthenc
(min) unne
0 0 Granular 55 25 75 300 28
0 0 Gelau 52 12 %0 1000 10
10 129 Granular 58 48 - 460 kB
10 129 Gelat. 60 72 a7 880 41
20 25  Granular 58 43 12 30 K\
20 25 Gelat. 60 52 13 660 28

1) AA = acrylamide.
2) Isolated by dialysis and tray drang,

Five other monomers were copolymerized with acrvlomtitle
onto gelatinized corn starch to determine their effect on
saponification time and on the absorbency of sapouified gralt
copolymer films isolated by dialysis and tray drying(Table 4)
Actylic acid increased water absorbency of the saponified
graft copolymers and shortened the time needed for
saponification. A shortened saponification time was ilso
obtained with 10 mole % methyl acrylate. Although inclusion
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Gralt Copolymerization of Acrylonitrile and Selected Comonomers onto Gelatinized Corn Starch. Absorbency of Saponified Polymer,

Absorbancy

(g fluid per
Comonomer Mole Weight Add-on Saponi- g polymen)!’

% % (%) fication
comonomer comonomer time H,O Synthetic
{min) urne

None 0 0 59 90 1000 4
Vinylsulfonic acid 5 9.7 56 105 1200 49
Acrylic aad¥ 5 6.6 49 30 1500 42
Acrylic acid® 10 13.1 a8 20 1600 47
Methyl acrylate 10 15.2 61 40 1000 38
Methy! methacrylate 10 17.3 60 95 440 26
Styrene 10 17.8 55 70 230 2

1) Isolated by dialysis and tray drying.

2) Twice the usual amount of ceric ammonium nitrate was required to initiate polymenzaucn.
3) Four umes the usual amount of cenc ammonium nitrate was requured to 1nitiate polymenzaton.

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

3.2 Graft Polymerization of Acrylonitrile onto
Flour and Meal

Acrylonitri'e was gralt polymerized onto a series of flour and
meal samples, which had either been slurried in water at room
temperature o heated iz waterat 85 °C to gelatinize the starch
component ( Table 5). Comonoraers were not used. With the
exeption uf the reaction with whole ground corn meal, which
used twice the normal amount of ceric ammonium nitrate
initiator, graft polymerizations were carried out in a manner
identical tu that 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 polymer which was dissolved on extraction with
DMF Infrared spectra of these soluble fractions showed

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 (he gralt copolymer before
saponification in any practical process. the entire reaction
product from graft polymerization was saponified to ohiain
the absorbent polymer.

Althoughitisapparent from Table 5 that saponific: tion times
have not beer significantly shortened by substituting flour
corn meal for starch, the {luid absorbencies of sapomficd
polymers isolated by dialysis and tray drying have be:n
markedly increased by this substitution. Of particular interest
is the absorbent polymer prepared from ungelatinized yellow
corn flour, which had an absorbency almost equal to an
analogous product prepared from gelatinized corn starch.
Notonly is flour often a cheaper raw material than starch. but
omission of the gelatinization step would resuit ina significant
cost savings in any commercial process.

As with the AASO, H-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 of crude 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

Table §
Graft Polymenzaton of Acrylonitrile onto Flour and Meal. Absorbency of Saponified Polymer
Absorbency
(g luid per
Number Substrate Preireatment Add-on DMF Saponi- g polymer)"
of substrate (%) solubles ficanon
slurry (%) time H,0O Synthetic
Q) (min) urine
CF-Gel Yellow corn flour 85 53 26 108 2600 57
CF-Gr Yellow corn flour 25 40 22 > 60 900 32
PCF Bleached pregelat.
corn flour 25 58 27 > 60 2700 76
CM-Gel Whole ground
corn meal® 85 42 - 75 1900 3o
WF-Gel Soft wheat flour 85 52 4 >385 2100 W

1) Isolated by dialysis and tray drying.

2) Twice the normal amount of cenc ammonium nitrate was required to 1nitiate polymenzation
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Table 6
Water Absorbencies ol Flour-Based Polymers vs Starch-Based

Polymers. Dependence on Isolation Method.

Absorbency (g H,O per g polymer}

Number Drum dried Tray dried Precipitate
unpurified unpurified with

product producl methanol
N-Gr*' 180 - 230
0-Gel"' 320 430 1500
CF-Gr* 200 - 500
CF-Gel® 270 690 1200

1) From Table 2.
2y From Table §.

from gelatinized flour and starch were tray dried, the use of
flour in the gralt polymerization resulted in a significant
increase in absorbency. When absorbent polymers were
isolated by methanol precipitation, the gelatinized flour-
based polymer exhibited a lower walter absorhency than its
starch counterpart, in contrast to the results in Table 5 for
dialyzed and tray dried films. The methanol precipitated
absorbent from granular flour, however, showed a signifi-
cantly higher absorbency than that prepared from granular
starch.

We are indebled to Clara E. Johnson for sulfur analyses.

The mention of firm names or trade products does notimply that they
are endorsed or recommended by the U.S. Deparunent of
Agniculture over other firms or similar products not mentioned.

Summary

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

selected comonomers were substituted for a portion ol the
acrylonitrile. Gralt copolymers were then saponilied and the
saponified polymers dried to form absorbents for aqueous
fluids. Use of 2-acrylamido-2-methylpropanesulfonic acid as
a comonomer resulted in shorter saponificauon umes and
more absorbent products. [ncorporation 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 absorbency of the saponified 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-
¢y for aqueous fluids than saponified starch-g-PAN.
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... soil conditioners

MEETING the demand for increased efficienty in’ 'water management requires the utilisation of the Iatqst
water-related technology. Superabsorbents repsesent one such step forward: an innovation that can.be readily
applied to increase plant survivel, improve handling, consarve water, promote growth and reduce maintenance.
Superabsorbents, as 8oil smendments, are capsbie of absorbing hundreds and sometimes thouga nds of times
their own weight in fluids. Individual superabsosbant particles can be considered as extremely efficient sponges
which are ingoluble and do not alter the nawre of the moisture which is absorbed. .
To gain an understanding of haw these particigs act to absorb moisture so efficiently consider a simplified
molecule af 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 crose-links like the rungs of a ladder. .
When water comes into contact with a superabeorbent particle an electrical repulsion takes place causing tr!e
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 swalling cf 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 oceurs, the material shrinke 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 p.roductlon rates qspecually in
areas with irregular rainfall patterns of dry sandy soils asc 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

THE ABSORPTION CAPACITY of super-
absorbents, like many other absor-
bent materials, is affected by salinity,
pH, conductivity and other variables
that inhibit expansion. It is not un-
common for a superabsorbent with an
absorption capacity of 800 times its
weight in pure water to absorb only
300 times its weight in actual use
because 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*. Tersa-
Sorb remuins effective in the growing
environment from a period of abaut
six months to several yeass. After
biodegradation occurs what remains
of the material functions as a soil
amendment, improving aeration and
other soil charactcristics. Interest-
ingly enough the material which
remains after biodegradation occurs
is very similar to a soil amendment

*Clrele 2 on Enquiry Serviee for informatien

World Crops, Januarv/February 1984

product marketed by Monsanto in the
1950s called ‘Krilium’.

Most plants arc 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
nceds water it has long since stopped
growing. The use of superabsorbents,
such as Terra-Surb, allows the plant to
obtain water as needed for optimum,
uniform growth and there is little
slow-downdue totoo riuchortoolittle
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-
absorbent, such as Terra-Sorb, are
present in the growing media, they
will, upon absosbing water, expand to
many times their original volume (fig
3).

This expansion opens and exercises
the growing media by forcing soil par-
ticles ‘apart thus increasing aeration
and improviag drainage. Once these
particles reach their maximum
absorption point excess water flows
freely aver and around the particles as

Main Branches

Q=== )2 =0
. : : %— Cross Links
0 0 0 0

1 Each molecule has in its structure two
main parallel groups of atoms, periodically
joined by connecting links

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

3 As Terra-Sorb swells it forces soil
particles apan, opening passages for air
and at the same time improving moisture
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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 of good water availability and
good acration promotes faster growth
and minimises the danger of root rot.

One of the major advantages o1
wtilising a Terra-Sorb type of super-
absorbent is its ability to make use of
gravitational water, This is the water
which maoves freely through soil due
to eravitatonal forces and is not
alwavs avatlable to the plant because
ol its otten rapid passage downwards.
When superabsorbents are mixed
with the growing media much of the
pranvitational water is held in a form
that can be readily extracted by the
plant 1oot.

I he concept of utilising moisture-
tetnng sotl amendments is certainly
not new, e Monsanto's Krilium, and
indecd such amendments as peat
moss, vermiculite, urea formaldehyde
nuaterials (ureatorms) and other mat-
crials ae widely used.

Hloweser these materials do not
have  the swelling or  absorption
charactenstics  of  superabsorbents,
For example, Hypromull TM, a urea-
torm amendment, absorbs about 30
tmes s weight of  water whilst
Fern-Sorb absorbs hundreds of times
e voeneht o plant available water.
Absorberts such as Hygromull 'TM,
while having a low absorbency rate,
have a relatively long and effective
hic i the soil environment. The use of
a superabsorbent such as Terra-Sorb
i comunction with a4 material hke
fHiveromull TM could be beneficial in
Arcas of high moisture stress,

Ihe practical uses of super-
absorhents are wide  ranging - but
casentidly there are four basic ways of
nulising Terra-Sorb superabsorbents:
i Adding to growing mediain a dry

form.

D Broadeasting over surfaces prior
to planting or sceding.

VoS apel dip when combined with
walter.

4 AL seed coating (Perra-Sorb

20003

Fvamples of tvpical applications
tolbon s
Transplanting
For larpe tices and shrubs/bushes,
Fernn Sorb s sprinkled evenly into a
hole puor to setting the plant or is
mixed o the backtill. Smatler plants
may be transplanted and shipped in a
gel slurry consisting ol Terra-Sorb
and water. Tests by the University of

b

4

Terra-Sorh used in hydromulching at 75kg/ha

Kentucky, in the USAL showed
208% ncrcase i plant survival rate
through usimyg Terra-Sorh n trans-
planting.

Amending Media
Superabsorbent particles ol Terra-
Sorb are simply mixed tnto the grow-
ing mudin to improve moisture reten-
tion. This application is ideally suited
for potted plants, bedding flats and
other containerised  applications.
Wittenng hiequeney requirements cin
often be reduced by as much us S0%.,
The pepper plants grown in media
amended with Terri-Sorb showed o
significant ancrease in both plant
height, stem structure and lead size
compared to a control. A leading
Hlorida based foliage plant grower bas
tound that using Terra-Sarh bas not
only cut down his watering frequency
requirement by as much as 50% bui it
has also reduced the finishing time of
some crops by as much s 25%.

Gel Seeding

Terra-Sorb can be mixed with water
and pregerminated seeds lor pel seed-
ing applications. The gel acts to pro-
tect the seed and emerging plants and
provides o readily available plant
maisture souree.

Hydromulching

In hydromulching or hydrosceding
applications? (of?) the super-
absorhent s mised with the mulch,
witer, seed and other additives to
promote and speed gernunation and,
at certain application rates (eg over
75Ih/acre), act as a soil binder or

-
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tackei. Tlis can reduce crosion due (o
both wind and water,

Broadcasting

Terra-Sort supetabsorhent particles
cin be broadeast overananea prios wo
seeding to enbiinee mosture reten-
ten, promote emergence and
increase permination by providing the
seed with o Cmorsture reservoir’,
Terra-Sorb hasan unmediate apphca-
tion to sod fanmers whereby it s
broadeast prior to Javing seed to

Roots of an oak tree seedling that was
dipped in Terra Sorb Particles of
plant-available moisture cling to the roots




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 lerigth in the treated
beds was 35-36in compared to the
control group average of 24-26in,
with no apparent loss of quality in the
lcaf.

Bare root applications

Plant roots can be dipped or sprayed
with a Terra-Sorb water slurry to pro-
vide cssential moisture during ship-
ping and handling. In addition to pro-
viding moisture, a reduction in ship-
ping weight and hence cost is achieved
since peat, clay or any other material
is no longer required.

A leading Forestry Product
Company in the USA has been using
Terra-Sorb gel coating for two years
in its packing/shipping operation for
scedlings, with considerable success.

A leading rose grower in the USA
saves LIS 7 cents for each plant ship-
ped, by using Terra-Sorb, because of
the reduced weight. The approximate
cost of treatment is US 0.25 cents per
plant.

Citrus and fruit tree industry

Terra-Sorb supcrabsorbents are
being used to treat resets in the citrus
industry 1o increase survival rates
through & reduction in transplant
shock and thus minimise reset losses
as well as reducing watering require-
ments. [tis estimated that in the USA
every time it is necessary to water a
citrus reset it costs the grower about
UIS 40 cents but beeause the applica-
non on Terra-Sorb allows the soil (o
retain more water the watering fre-
yueney can be reduced and hence
substantial suvings realised.

A specially modified form of
Terra-Sorb has been developed speci-
fically for sced coating applications.
Moisture absorbing  particles of
Terra-Sorb 200G expand as they
draw moisture from the humid air or
from liquid water. In cxpanding they
form a gel *fuzz’ at the seed surface
and moisture held by the gel softens
sced tissues, promoting rapid germi-
nation. Plants grow faster because
moisture is readily availi Sle to the
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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 100Ib of dry seed. Itis
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 cquipment, 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 acre
of up to 15%. Average yield increases
of 7 bushels per acre have been
reported and the yield of soyabean
has been improved by as much as
26%. An increase in germination of
over 50% was reported by the US Soil
Conservation Service in New Mexico
in relation to certain grasses. Com-
parisons of plant height showed that
those plants treated with Terra-Sorb
200G had an average height of 4-3in
whereas the maximum height of the
untreated plants was only 2in.

The potential for utilising Terra-
Sorb 200G in, for example, the dry
seeding of rice, one of the world’s
most economically important crops, is
an as yet untapped area.

Costis 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-
cver this additional cost should be
viewed in the light of the potential
benefits to the plant tree or crop
which can include:

I INCREASED:  survival; rate of
growth; germination; yicld; shelf
life; efficiency of water use.

2. REDUCED: labour costs; trans-
plant shock; crop losses; crop
growing time.

Typical costs for the application of
Terra-Sorb - superabsorbents, in a
variety of uses, arc:

i less than US$10 to treat a cubic
yard of media which is equivalent
to US6 cents per gal container

il US4 cents to treat an 8 in hanging
basket

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

iv as & gel dip SO scedlings can be

treated for US | cent
v in sodding or hydromulching the

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

foot root ball can be treated for US

40 cente
vii Fifiy pounds of seed can be treated

with Terra-Sorb 200G for about

US 4 dollars.

Studies by universities in the USA
such 4s Auburn University; the
University of Oklahoma; the Univer-
sity of Georgia; and the Virginia Poly-
technic Institute have confirmed that
the 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 arc  becoming an
important tool in improved water
management for farmers, {ovesters,
nurserymen, fandscapers and others
involved in the ‘green’ industry.
Terra-Sorb products should play an
ever imporiant role in assisting the
increased production of food and
improving the cconomics of plant
production and installation through-
out the world.

The US Forestry Service and inde-
pendent foresters are now  using
Terra-Sorb products to treat over 400
million young trees per annum and
the US Department of Agriculture
(USDA) are predicting that the
amount 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 & built-in baby sitter for our horti-
cultural projects. We have found that
newly plinted seed flats, seed beds,
transplanted flowers and shrubs and
all growing plants are well protected
with Terra-Sorb. In additiion Terra-
Sorb reduced labour inputs and saves
production costs’.

The potential  applications  for
supcrabsorbents, in traditional
agricultural, horticultural and fores-
try regimes as well as in the establish-
ment of new plantation crops such as
oil palm, rubber, cocoa, tea, etc. from
nursery seedlings, is enormous and
the benefits from  utitising super-
absorbents could be of great
cconomic  significance to an indi-
vidual, a company or indeed a
country,

WO
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TRANSPLANT

IMPROVED

By T.E. “Ted’’ Whitmore

SURVIVAL

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 ecarly 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 functions as a super
sponge in the soil - giving up its
moisture as the plant needs it, then
reswelling when moisture is available
1o continue the process. It will remain
effective in the ground through most,
if not all of the first season.

Close-up of pine seediing roots after
being dipped in Ligui-Gel siurry.

Pine seedling with roots dipped and
ready for planting.

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
te 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 to
the 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 Avril 1981. But, alas,
the Aprit showers 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-ireated
trees will never become saleable
because of the severe setback they suf-
fered.

Ron is delighted with his results and
says, “‘l won’t plant anymore trees
without it.”” But, he also points out
soine other benefits he found:

“The first thing the gel did was 10
protect the roots while we were tran-
splanting. The bundles of trees dipped

Container grown Norway Spruce
seedling with root ball dipped in Ligui-

b

- Gel,



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. 1'm sure we'll grow
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 the treated and non-
treated were dug and bare rooted. The
treated trees had a distinctly better root
sy.tem.

An interesting side note: Corn,
soybeans and small grain seed that
were coated with LIQUA-GEL before
planting in 1981 generally emerged
sooncr 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
seeding then becomes a distinct
possibility, with the likelihood of im-
proved trees in better stands.

THE COST? Ron Campbell says,
“It cost 1ine 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 of
slurry and that was enough to treat
about 2,000 trees. 1 figure [ can treat
about 10,000 pine scedlings with 20
gallons of «lurry and I'm not even
going to try to figure what that cost
would he.”’

A logical question is frequently
raised about the danger of reverse ef-
fect when the so0il becomes excessively
dry, *will the gel in fact begin to draw
moisture out of the plant?’ Dr. Bill
Doane of the USDA at Peoria says,
““Yes, it might. But, by the time this
would occur, the surrounding soil
would have alrcady dried out to the
point that the trec without the gel
woulid already have been dead anyway,
The purpose for using the gel is to
prolong the time a tree can go without
supplemental water.”’  Thus, the

Blackhills Spruce a1 Campbell Lane & Tree
Company, 85 days after planting with Liqul-Gel.
Note excellent candle growth,

question is really rnore academic than
practical.

Use of the super slurper com pounds
is already wide spread in other plant
growing industries:

--For bare root transplanting

vegetable and tobacco crops and 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, bare root
fruit and other trees

--Dry mixed into soils to catch and

hold moisture on watering in potted

plants; in backfill soils for planting
trees and shrubs; on open soil before
grass seeding or sodding, etc.

--in hydromulching

--etc., etc. additional use potentials

can stretch your imagination.

Development worl: is currently un-
derway on the best ways to incorporate
insecticides, fungicides, nematicides,
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 to
conserve limited soil moisture is
through the use of anti-transpirants.
Anti-transpirants arc used extensively
in 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 1 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 scedbed
using the same solution. Thorough
coverage is the key to successfully
using anti-transpirants.

T LIQUA-GEL and VAPOR GARD are
registered tradenames of Miller Chemical & Fer-
uhizer Corp,, Hanover, Pennsylvania
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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

MILLER

LIQUI-GEL

(Formerly Aqua-Gel)

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

Puts extra moisture and moisture holding capacity into
the soil adjacent to the developing roots.

e ———— i

CONT;\INER GROWN BARE ROOT

Al

{1? MILLE
N 4
NUTRI-LEAF 60 HOT SAUCE ANIMAL REPELLENT

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

A completely soluble fertilizer with chelated trace
nutrients designed for foliar application to im-

prove plant vigor and color. MILLER CHEMICAL & FERTILIZER CORPORATION

Hanover Pennsylvania 17331 US.A. ¢ An Alco Standard Company

Phone 717/632-8921
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COLLECE

UNIVERSITY OF KENTUCKY | o40pppATIVE EXTENSION SERVICE

LexincToN, Kentucxy 40308

'DEPARTMENT OF HORTICULTURE

OF AGRICULTURE Robinsan Subsiation
AEDENT INETAVGTION Quicksand, Kentusky 41383
AQRICULTURAL EBXPBRIMENT TATION T.[.Ml “0‘)‘60"4“3.

COUPERATIVE EXTENGON BEAVICE

October 16, 1986

Mr. James Quinn

Industrial Services International, Inc.
P.0. Box 10834 o

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 £l 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 posaible conditions. The plants
were planted very late (May 27); the nursery stock was

in rather poor condition; the site was a slope with falrly
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 controlled study next spring
with the material,

Dr. Bob McNiel and I were discussing 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 solil over rock fill. The
area should he droughty.

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 company might have some funds
to help establish and support such a study. We have gone
through some severe budget cuts, -and the funds would be
used to help support a techniglian for the summer. This

# Agriculture i en Equal Opportunity Orginisanion suthorized (0 provids research, vducatibnq information
Z:J f&"fv’.’.:-‘eu only':h:‘aoh and s titu tons that Ainctlon witheut regerd to rece, color, 1ex or national origin.
UNIVERSITY OF KENTUCKY, U5, DSPARTMEINT OF AGRICULYURY, AND KENTUCKY COUNTIES, COOPERATING

A\
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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 might be available from your
company.

Thank you.
Sincerely,

(//Lam/ Zé i /

David L. Hensley
Extension Specialiat
in Horticulture

DLH/c]
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NURSERY
By David F.ishen

What'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?"
That 1s not the answer you should be getting from the Division's nurserymen
because there are quite a few new happenings in our Nursery Program, I
would like to take this opportunity to acquaint you with just a few.

(1) New Species.  We are continually examining the possibilities of
introducing new species for our reforestation and wildlife programs, This
added Sawtooth Oak, Northern Red Oak, and Chinkapin, These

yuear we have
specices have been sown in rather small quantities in order to test the
market. ., Other species which are under consideration are Pecan, Pin 0Oak,

We are open to suggestions and comments,

Paulownia, and Cypress.
all of the

(&) Improved Virginia Pine. This year for the first time

Virginia Pine seedlings grown can be classified as improved stock. Seed
came from seed orchards set up by the U, S§. Forest Service. Jim McConnell
ot that agency tells me that although the progeny tests from the orchards
areoonly five years old, their form and early growth are fantastic. Next
yudr wo will be getting some more seed from this source. Within the next
tive years we should be getting improved seed from our own Virginia Pinc

orchards,,

(#) Terra-sorh in Use at Morgan County Nursery. Terra-sorb is a
tinized  starch that holds several hundred times its own weight in water.
We e dsiing 1t as a moisture retention material on our scedling roots,  We
believe 1t s every bit as effective as clay and not nearly so mevsy.

There ure several other new developments such as a new varicty of Scotch
Pine which we will be sowing this spring, more up-to-date information on
mycorthizal development on our seedlings, and herbicidal studies. More on
thene 1n the next issue.

Nolie "Red" Fletcher has now officially joined the 30-year club. FRed
has spent his entire tenure with the Division at Pennyrile State Nursery,
and he played a major role in developing the nurseries at Kentucky Dam and
Morgan County. I believe the Division owes a great deal of gratitude and
appreciation to Red and others like him who have dedicated their entire
working lives to the Division.

As oot the first of March 1982, a total of 7.5 million scedlings had been
sold stute-wide. This figure breaks down into 2.7 million in district
sales and 4.8 million in other sales. Seven and one-half million is about

a million nore than was sold last year at this time.

gela-

\/
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CONSERVATION TREE-PLANTING

. Agrosoke has
big potential
in tree growing

* “Agrosoke” Is a new product of greal
potentlal 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 is attracting world-wide interest among
agriculturalists, treecroppers, foresters,
and conservation trse plaxuters.

“Agrosoke"is a polymeric soil stabiliser
and water extender, and is perceived as
a Eroduct of vast significance to all regions
w

ere 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
J0 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 for 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.

e Establishes strong, healthy trees in
those areas foriaerly considered to
be unsuitable for economic tree
establishment,

¢ Improves soil structure and aeration
and prevents mud accumulation.

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

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

o Does not adversely affect trees or
shrubs. ‘

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

On contact with water the “Agrosoke”

“produces a viscous liquid, 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 being of great potential benefit
in:

o Agroforestry (especially indry areas)
where high-value, cloned trees are
planted out as a “final crop”, on wide
spacing.

o (onservation tree planting. on sites
that require trees for soil erosion
control as the most economical method

- to apply.
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Roots of this plant wars treatad with “super

siurper” and then dipped in water. The watar
Is trapped and heid in a gel around roots.

By DEL DETERLING

1]

Supcr 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-
lin salad does. .

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

56K

COPYRICHT BY PSCGRESSTVE FARMER. INC. FIBRUARY 1961
] ITED SEPRCDUCT

“Super Siumer”'
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.

The super slurper coating works
this way: When a coated seed is ex-
posed to moisture, the coating swells
like a balloon and forms a gel-like
cocoon around the seed. This then
helps the sced 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 im-
proves charnces for the seedlings to
survive. 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 and supplies of them are
limited, research and field tests give
clues to what you can expect of them.
® Herb Partridge of Vernon, Tex.,
says cotton grown fiom 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.
¢ 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.

@ Seed coatings also are helping pro-
ducers get better stands from rve-
grass seeded by air, and from
soybeans or sorghum planted in
standing wheat.

*Use of coatings is an obvious
method of increasing crop yields on
the same amount of land,” declares
Roger Eisenhauer, industrial coordi-
nator at USDA's Northern Regional
Research Center, Peoria, [ll. “And
the cost is so reasonable—generally
less than $3 an 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., l.umberton,
N.C.; and Spenco Mecical Corp.,
Waco, Tex. Some 50 more firms and
individuals are licensed to use and dis-
tribute super slurper commercially.

Besides use in agriculture, super
sluexis 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

(Turn to 56P)
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“Super Siurper” Gets Your Crop Moving Earlier (From 56K)

Thare are now four mapr suppllors of “super slurpof Tho matodnl can be ussd ona wodo range

of crop seed.

soybean, wheat, sunflower, and pinto
bean seed coated with the firm's SGP
polymer were plaated 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 ob-
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 und 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., Decarur,
1., has potential use for seed coat-
ings. The compound is chemicaily
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 interseeding 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
muich 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,” Behmer 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,” ne adds.

“There’s nothing raagic 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
dnlling makes it possible to piant pre-
germinated seed that have been
coated with a gel. 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 abie 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.

For 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, although they
have not been able to mcrcase,g:eldq
Oklahoma scientists agree that irag.
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
is adequate, 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.

Progressive Farmes/February 1981 \(_:Q
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THE F¥INE crumb structure of the
geedbed is important in ensuring that
a high percentage emergence of

lants is obtained, This is particu-
arly so with small-sceded 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.

Under less severe conditions, where
the soil 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 when
Vi-Grow was sprayed on to a soil
with & good crumb structure this
structure was maintained even during
beavy rain.

The birnding effect was retained
because tha soluble cellulose xanthate
rapidly decomposed to insoluble cel-
lulose when in contact with the soil.
Cellulose is, of course, a naturally
occurring polymer — the building
block of all plants.

Anti-capping trials

To follow up the early results,
Courtaulds, the suppliers of Vi-Grow,
organised a wide range of field trials
in close co-operation with NVRS and
Agricultural Development Advisory
Service (ADAS).

In all cases the trials were on land
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 23 litre plastic con-
tainers. The corncentrate was diluted
with water to 29, 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, eraer-
gence count: were undertaken by
either AD S, NVRS or Courtaulds

as was convenient.

Good resul{:-despite the weather!
The emergence counts showed that

the Vi-Grow treatment amply ful-

filled the promise indicated by the
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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 tiie UK's National

Vegetable Research Station (NVRS).

Dr Page found that cellulose xanthate was substan;ially the most
effective for stopping capping, and thereby increasing emergence.
in addition to its anti-capping ability cellulose xanthate can:

Enable seed rates to be reduced.

SERIRES

. Bind soil against wind erosion.

Avoid transplanting and allow direct drilling l_n the opea.
Enable contracts to be met with greater certainty.
Give stronger earlier growth and ‘greater regularitv.

Cellulose xanthate increases
vegetable seed emergence

results of the work at NVRS—in a
few cases improvements of over 809,
were 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 Courtaulds
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
949, improvement was obtained.

Many of the large improvements
were ohtained in the early part of the
vear when the weather was very dry.
It seems probable that Vi-Grow

improves the water holding ability of
the soil.

Unexpected benefits

It was also frequently noted that
the plants in the treated areas
emerged “earlier and were stronger
and more regular than those in the
untreated area. This was born2 out
by successive emergence counts taken
on lettuce. .

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

Controi of 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. Sinceé Vi-Grow is an
effective soil binder it was felt that 1t
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 on Enquiry Service for informution

World Crdps, January 19_81



Gel-Dipping Georgia Pepper Transplants

By W. BRADFORD JOHNSON

FEE roots of Georgia-grown peppe
plants uf the Emerald Giant vari-
ety were dipped in a gel before ship-
ment to New Jersey last spring. The
dip was made by mixing Y2 ounce of
gel pur gallon of walor.
The dippud transplants, with an
cqual number of undipped plants,
were shipped in a truck to the Rutgers

Research and Developinent Center in
Bridgeton, N.J. The objuctive was to
determine if the gel would have an ef-
lect on plant survival in the field and
on subsequent growth,

The plants were set 1 foot apart in
rows spacod 5 feel apart. There were

25 plants por plotin four replicates of

dipped and undipped plants, Starter
solution was used when the plants
were sol.

THE SHIFT IS ON TO BEFCO

INTERROW CULTIVATOR: 5 Series Power

Farm
Tﬂ_,[ﬁx—

ROTARY TILLERS: 7 Series including manual
and automatic side-shift units priced as low
as %1000 list price for the smallest

units. Machine and knife pric:s
much lower than other well
known brands.

~

driven high clearance cultivators,
Cultivator heads from 5 to 36",
Clearance from 16 lo 34",
Tool bar with up to 176",
Each head spring loaded.
Options, fertilizer hoppers and
ridgers. Priced much lower

thi «. competition.

A

T

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

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 circumstances. 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)

BEFCO Inc.

POB 6036 e Rocky Mount, NC 27801
Telephone; 919-977-9920

Soon after the plants had become
established it was possible to see that
the dipped plants were Hlightly shorter
but more branched than the undipped
ones. Survival was 100% for both lots
of plants. it was decided to grow the
plants to harvuest to see il the difference
in growth would alfect yield.

The plots were given routine care
and irrigated as needed. When the
crown sut reachod imarkotable size, all
plots wers harvested and records taken
of the weight and number of fruits
from eight plants in each plot. The
data wore analyzed und aro presentod
in Table 1 and 2 below.

A later harvest was made, but no sig-
nificant difference in weight or num-
ber of fruits wus found. Growing con-
ditions late in the svason were not
fuvorablo,

Table 1: Weight of fruits in the first harvest
from Emerald Giant pepper plants.

Weight in pounds
Dipped 11.20
Undipped 8.47

Table 2: Number of fruits in the first harvest
from Emeraid Giant pepper planls.

. Number of Iruits
Dipped 34.75
Undipped 23.75
CONCLUSIONS

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

Ifa root dip can increase the number
of first hurvested fruits, it would be at
a time when the market price is fre-
quently higher. This could mean in-
creased relurns to the grower.

Juhinun in extension vegetiahle apeciuling, Couk Col-
ey, Rutpers University, New Branswick, NJ 089131,
Thin wutk wis done i touperulion with lh Custinir
Juworsky, Georg Coustal Plains Expersiment Sta-
tion, Tiftun, Gu 31793,

HAVE YOU READ .

Potuto Lute Ullu'll — hpulenuoluyy,
13-minute color film preduced by the
New York Stute College of Agriculture
und Life Sciences ut Cornell University,
describes the influences of environ-
ment, host, pathogen, and cultural
prucllceu on epidemiology. Potuto late
blight is used tu illustrate epidemic de-
velopment, and disease contiul proce-
dures are emphasized in scenes of com-
mercial potuto production.

For more information, contact the
Cornell Audio-Visual Resouree Center,
8 Reseurch Park, Ithucu, NY 14860,



‘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 gelln.4
or ‘Super Slurper’ products in the
overall planting picture.

Gel transplanting, gel overlays
for precision planted and other
dry seeding, gel seed coatings,
gel modificd 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. "' do 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 7, lke Dr.
Price, one of the leauing authori-
ties on the subject in the 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, fruii trees
and vines, forest trees and orna-
mental nursery stock are all being
gel transplanted.

No spccial equipment is nceded
for gel transplanting, just a con-
tainer in which to mix a gei 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 Milles
Chemical & Fertilizer Corp., whc
has spearheaded :'=velopment of
their water gelling product Liqua-
Gel tm.

Gel Planting — A Rising Tide

CRY SEELED
OMATOES

Dry seeded tomatoes are shown planted both with

Yo

and without a gel overlay. The advanced growth
resulting from the gel overlay can be observed.

*The gel protects the roots
from drying while they are out of
the ground, then puts extra
moisture holding capacity into the
soil, right around the roots where
it is needed. In the soil the ge!
particles will continue to give and
take moisture for more than a
year before bio-degrading.

*In dry soils even the root balls
of container grown plants like
Spceedlings® are being dipped
with excellent resuits. 1t is a bit
aggravating but not as aggravat-
ing as re-planting.

Ron Campbell in Wisconsin
says, ‘‘After root dipping my
transplants in Liqua-Gel slurry, |
can leave them on an open truck
all day without the roots drying
out. This alone makes the gel
worth far more than the little
extra cost and cffort. 36.60 wort!
of gel will make enough slurry tc
dip 8 to 12,000 scedlings so the
cost is rcally nothing."

"‘The gel in the soil also gave
me a tremendous increase in
survival when we failed to get
rain for almost three weeks after
planting,”" Mr. Campbell adds.

Gel Seed Coating

Coating the water absorbent
product onto seed is ancther
planting tool that is taking off like
a great big bird. All kinds of seed
from small vegetable seed to
larg: farm seeds are being
coated, first with a tackifying
material or a regular liquid seed
coating (generally in soybean or
cottonseed oil) then the dry gel
powder is added as the seed are
being tumbled. Water carriers
are no good.

Originally the gel coatings were
expectced to improve seed
germination and crop stands
when plantings were made into
marginal moisture situations.
Available moisture would be ab-
sorbed by the gel particles and
held tightly against the seed to
get them imbibed and growing. It
works well.

““In our Liqua-Gel testing we
not only got a better stand, but
earlier germination was an
obvious bonus with most of the
seed tested. Many crops were up
2 to 3 days earlier, some even
earlier,”” Ted Whitmore reports.

Reprinted From The Great Lakes Vegetable Growers News — Merch, 1982



*‘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 caine 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 Sced

**So why not gelled water
overlays for dry seced? 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
sced. A clean tank, a PTG pump
‘nd connecting hoses — or even a
gravity feed system and you're in
business. A squeeze pump is nice
but even a centritugal will do.

Not Without Probiems

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 ib. of Liqua-Gel
tm or 3 Ibs. of Terra-Sorb® in 30
gallons of most waters will make a
preuty 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® , vary in gel
density as they are stirred or
jostled during field uses, which
tends to give somewhat variable
applination 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 trom plant
roots?’ Dr. William Doane of the
USDA at Peoria, lllinois, 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
combination 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
arc diligently sceking and finding
both answers and new uses for
their products.

In addition to the continuing
work by Drs. Hugh Price and Jim
Motes mentioned earlie® 2
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 gre 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 ex-
cellent work as well as a number
of consultants and private
workers.

Thanks te the USDA
But, we must say thanks to the

U.S. Department of Agriculture
team at the North Central Re-
gional Research Center, Peoria,
lllinois, who originally discovered
the starch-gralt-polymers (SGP's)
and who continue to monitor their
developnient.

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
uses. 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 agniculture, (J



Yerra—Sorb, Protection for Bare Root Stock!

NURSERYMEN are well aware of the
increasing demand by landscapers and
local authorities for amp;e protection of
bare root stock to prevent drying out
during wansportation and prior to
planting. Research has confirmed that
losses and reduced vigour can be due to
drying out of the roots. Container plant
producers end garden centres are all 100
conscious of the amount of water
needed 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
_peal/bark composts wilh slow-release
fertilisers dermands constant availability
of water tc promote optium growth,
Nutrient uptake, root development and
plant growth all dzpend 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 somg
proprietzry brands have quick water-
alsorbing properties. British
tarserymen, 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 10
the U.K. from America where it has
been gaining steady support over the
tast three vyears is Terra-Sorb, a

concentrated polymer capable of
absorbing hundreds of times its weight
in watur 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 Terra-Sorb to its
unswollen state and increases the air
spaces in the compost, it is claimed.

Technical date refers to its quick and
easy dispersion in liquids; neutral pH;
being unaffected by heat at 300 deg.F;
capacity of reahsorption; 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
matenal would incur change.

Principal uses in America are durit.g
shipping and handling of containers and
bare root nursery stock. Treatment of
bars roots with Terra-Sorb gel (one
pounda in 20 gallons of water) is said to
be twice as effective as peat in tarms of
available moisture by weight of water.
Forestry seediings have been shown to
benefit frum gel treatment and one
pound of Terra-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 puddied
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
18 claimed to be inhibited but only trials will
tell.

Dipping of small plants, vegetable
and bedding plam transplants 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 seced
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; pre-planting treatment of
flower beds and new lawns, and for
potting-on in the greenhouse. Cost
(at under £2 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 (and
the saving of water itself) and possible
stock losses through drought. Importers
and distnibutors of Terra-Sorb  are
Martin-Golod Products Litd., Maybury
Gardens, Willesden High Road, London.
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INTRODUCTION TC A NEW TECHNOLOGY

SUPER-ABSORBENTS SAVE TIME AND MONEY

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
improviny drainage.

These sponge-like compounds
originally were developed by the
U.S.D.A. Northern Regional
Rec2arch Center in Peoria, Ilinois,
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
sterches. 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 products are
available only to nurserymen and
other professionals, but they are
marketing TERRA-SORB so it will
be available to the homeowner
through retail markats.

Water is fundamental
to all plants,

TERRA-SORB absorbs and stores
plant available water, releasing it to
the plant on demand. To gsin an
understanding of how these particles
act to absorb moisture so efficiently,
we can consider @& simplified
molecule of the material. Each
* particle or molecule can be

APRIL MAY JUNE 1882

Terra-8orb (Black) Boi Particies (While)

Yooy

wilhoul molsiure wilh moisture

considerad as having two main
‘parallel’ groups of atoms. These
groups are pariodically joined by
connecting cross-links like the rungs
of a lzdder.

When water comes into contact with
a super-sbsorbent an electrical
repulsion takes place causing the
main branches of the molecule to
repel each othar as the like poles of &
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 a period of aboit 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 presant
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 pege 22
n



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 rot!

anawmnmumﬁ is water

that freely moves through the soil
due to the forces of gravity. This
water cannot usually be used by the
plant because it rapidly moves out of
the soil.

sy

) is water that
is held very loosely around the soil
particles. The water is held by
cohesion (attrsction between like
molecuies). Niost 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
prassure). 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).

vonQscom SNRREL i+ e
held in the form of a very thin film

around soil particles. It is not usually
available 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 spplied in a

variety of ways, such as:

1. Distributed evenly in a hole prior
to transplanting,

2. Mixed directly into the soil or
other growing media.

3. Applied as a gel to plant roots.

4. Used as a media for gel seeding.

B. Used in hydroseeding applications.

6. Broadcast over an area to be
seeded,

7. Applied as a seed coating.

For transplanting larger plants
TERRA-SORB is sprinkled evenly
Iinto the hole prior to setting the
plant. One to two ounces per foot of
root ball diameter is recommended.
The hole should then be filled and
watered in as usual,

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
vard of media.

Smaller plants may be transplanted
and shipped with a gel slurry
consisting of TERRA-SORB and
v-ater. About four ounces of material
should be added to five galions of
water to form a thin slurry that wili
adhers to the roots without totally
covering them, to avoid cutting off
seration,
Continued on p. 24
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NEW TECHNOLOGY . . .
Continued from p. 22

Interior plantscapers are using
super-abscrbent-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 &mended
soil may need water as seldom as
once 8 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
not leave it. DO NOT TRY TO
ROOT CUTTINGS in this manner,
however, since in the absence of
roots, the gel can pull water out of
the plants. You can, however, grow
unrooted cuttings in a soil amended
with super-absorbents.

TERRA-SORB can be mixed with
water and pregerminated seeds for
gel seeding applications, Specia!
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 garmination

24

by providing the seed with a
‘moisture reservoir’,

These water absorbent polymers are
compatible with all species of plants.
They do not affect and arg not
affected by the pH of the soil or
soilless growing medium, and, in
their dry form, they can be stored
indefinitely in & moisture-proof
container,

For long-distance bare-root shipping
the application of a TERRA-SORB
gel to the roots of seedlings not only
provides molsture, 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 labor costs
Reduced transplant shock
Reduced crop growing time
Reduced shipping 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. }Q
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A new tool for gardeners

SUPER
- SLURPER

By Dr. Jlm A, Alston

Super Slurper is a water-loving
{hydrophilic) compound of rising im-
portance to gardeners.

The compound is a starch derivative,
having synthetic polymers grafted to
it. Chemicully, 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
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 akbsorb
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 mora
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
1500 grarms of disLilled deionized water,
The super absorbent compounds are

* Another, named Terra-Sorb, is available
in gurdener sizes (4 and B oz.) from T'rans
Coutinental Energy Saving Products, 80
East Hartsdule Ave., Dept. FG, Hartsdale,
N.Y. 10530.

Super Slurper is sold under that name by
Wayside Gardens, Dept. I'G, Hodges, S. C.
29695.

A product called Water Lock is listed by
wiellinger's, 2310-FG W. South Range Rd.,
N. Lima, Ohio 44452,

Viterra 2, Aqua Stor, and Perma-sorb are

other names reported for products of this
type, and may be found in various retail
locul outlets,

Dr. Jim Alston is Director of Research for
the Geo. W. Park Seed Co., Greenwood,
S. C. He has been worhmg with super
absorbent compounds for severul years,

biodegradable, and will last approx-

.imutely six months in the soil, depend-

ing on conditions, '

At first, the super nbsorbents were
added to soils in very arid areas to in-
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-
tions. What we will be 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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Stokes Seed Catalog

Almost 200 pages ot delicious vegetables
and brilliant flowers including the newest
introductions plus all your old favorites.
The huge selection includes mare than 95
tomata varieties,

Accurate descriptions tell you exactly
what ta expect from cach variety, Exact-
ing temperature and humidity controlied
storage of our seed assures you of ¢xtra
sced vigor and plant performance. [t you
demand the maximum performance from
your garden, plant Stokes Seeds !

. SEND TODAY FOR YOUR
FREE CATALOG

STOKES SEEDS
1072 Stokes Bldg., Buffalo, NY 14240 .

Name
Address
- Zip

America
Glad Bulbs
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 quality W\
and top varieties when
you buy All America
Glad bulbs. o
1982 Introductions
.Funny Face,
Harold D. Johnson

Valentine,
Ralph Baerman

ANGS
All America Gladiolus Sclection

PO. Box 90334, Nashville, Tenn. 37204
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One way to apply it to established potted
plants Is as a thin slurry, merely poured on
the soll.

Super Slurper

Continued from page 4 , '
on the talc or powder type. You may
vary them depending on conditions
and results desired. o -

One popular way to use the com-
pound is to mix it with a peat-lite
(soiliess) potting mixture to extend the
intervals between waterings. If you
generally water every day on pot soils
that do not contain Super Slurper, you
will need to water only every other day
on soils with it added. o

It is best to add the Super Slurper
dry to the dry mix, at a rate of about 1
ounce per cubic yard, and combine
them thoroughly before using. This
special potting soil may then be used in
all the ways you would normally use
any potting mix, but you will not have
to water it so frequently. .

If you have established potted plants .

to which you would like to add Super
Slurper, the way to do it is to mix a
thin slurry and water the plants with
it. Make the slurry thin enough to per-
colate quickly into the soil. Although
not as good as mixing the material into
the potting mix initially, this method
will accomplish-the purpose.

To increase the water holding capac-
ity of garden soil, add Super Slurper at
a rate of about eight ounces (dry) per
600 square feet of garden space. After
application, mix and work the soil of
the area to a depth- of at least eight
inches. It helps if you also add organic
matter such as peat at this time, If
your soll is sandy, use a higher rate of
application of Super Slurper.'If it is
clayish, use less. C

A favorite use of Super Slurper is on
bare root plants at the time of trans-
planting. It helps their performance
greatly. Make a slurry of Super Siurper

about es chick as syrup. Use warm
water {about 120 to 14Q degrees), und
add a little of the material at & time,
stirring after each addition, until a
uniform solution is obtained. First
soak the roots of bare root plents in
plain water; then dip them inta the
Super Slurper solution. Avoid shakiny
the roots, so as much absorbent as

_pussible clings to them. After you

finish planting the tree, shrub, or
whatever, pour any remaining solution
into the planting hole before com-

: pletely filling it with soil.

Super Slurper is also used to aid ger-
mination as a seed coating. Only a very
thin layer'is needed to help maintain

‘moisture around the seed while it

sprouts. This is especially helpful ir
places where weather may turn dry
after planting, and where irrigation is
not available. It is a treatment prac-
tical mainly for those who are handling
seeds in large quantity, as in farming
or the seeding of roadsides. As there is

" a difficult technical process involved,

of first coating seeds evenly with an
adhesive so the absorbent will stick, 1
mention this use of Super Slurper only
as a point of interest. Home gardeners
will be much better off to put the
material in the soil before planting,
than to try to coat seeds with it.

A minor but interesting use for
Super Slurper is in planting pre-
germinated seed. In some places where
weather at planting time is not warm
enough to get good germination but
where plants grow well once started,
pre-germinated seeds are used to get
uniform stands. The seeds are put in

' . Continued on page 34
Bare rooted plants In the process of
transplanting may be dipped Into a syrup-
thick slurry of the absorbent, and planted
wlth all that will cling. It holds a cushion

of moisture around roots while the plant is
becoming reestablished. -
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'REDWOODS

GIANT SEQUOIAS
* BIGGEST TREE ON EARTH
* HARDY TO - 24°F.

COASTAL REDWOOD
* TALLEST TREE ON EARTH
* HARDY TO - 7°F,

100%
GUARANTEED

6" to 12"
3 for $5.95, 6 for $10.95
Add $2,75 Postage |

SHIPPED 1st CLASS ALL 4 SEASONS

GOD'S LITTLE ACRE
NURSERY

11612C Polaris Dr.
Grass Valley, CA 95945
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NECTRIA CANKER -

By M. W. Staples

There are n 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 thia canker is a dark,
depressed, wet area, usually on the
lower trunk or large branches. As the
disease progresses the bark falls away,
exposing the bare wood. In late sum-
mer and autumn the canker spreads to

additional sapwood. In spring the tree

attempts to heal over the injury with a
roll 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
start o 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. T'rees in good vigor are
resistant, trees under stresy seem espe-
cially vulnerable. Sometimes cankers
on branches can be eliminated by prun-
ing. On trunk or large branches they
can be chiseled out and disinfected, but
diseased wood may extend beyond the
vigible signs. 2

Super Slurper

Continued from page 6

witer which is kept aerated until tiny
roots become visjble. Then they are
mixed into a slurry of Super Slurper
and pumped through tubes of planting
equipment into the seed furrows where
they continue Lo grow. Although being
used commercially, this method is a bit
difficult for home owners - even
though some may find a way to employ
it,

"These are the main horticultural ap-
plications for Super Slurper up to the
present. Other possible applications
ure probably just waiting for some im-
aginative person to think of them, g

Good Popcorn

Continued from page 26

This is important, Plastic bags are not
recommended, because most of them
allow kernels to dry out. Properly
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-

‘pansgion, and add one. to two table-

spoons of water per quart of corn.
Close jar and shake thoroughly to
distribute moisture. After sitling over-
night it is ready Lo use.

A7 At 935Gl

The method of popping is the most
important factor in good popcorn. The
key is to supply high heat {450 to 480
degrees) all around the kernels. One of
the main purposes in using oil in pop:
ping is to distiibute heat. This is also
the idea in stirring or shaking. Have
the oil {any vegetable oil will do) just at
the ymoking point before adding the
kerruls. 1f the kernels are brought all
aL once to the very hot conditions, the
popping (resulting from steam) should
be completed quickly, in less than a
minute, with nearly 100 per cent explo-
sion 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
is popped, 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 Leeth
and for digestion, and noL highly
caloric, popcorn is one of the best of all
snack foods. In addition to eating it
plain, you can create many other tasty
treats with it — popcorn balls, candicd
corn, variously flavored popcorns, 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., 4644 Wanamaker Rd., Dept. J B,
Topeka, Kans. 66610. JQO
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ORNAMENTALS SOUTH

Super Soil Moisturizer
Challenges Others in
Growing Industry

James F. Pritchard and Jamcs J. Quinn

MEETING THE DEMAND for mcreased watering
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.

gain an understanding of how
these particles act to ahsorb
moisture so efficiently, we can look
at 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 (as shown
in diagram A). When water is added

MAIN BRANCHES

O3 ----0=-~---0-

-4

'Z . »

-g » .

. Q . .
02----0------ O------0

Diagram A. Each molecule has in
its structure two main parallel groups
of atums, periodically joined by
connecting links.

PLANT GROWTH

TIME

Diagram B Top line: Treated with
superabsorbents. Middle line: Growth
with some stress. Bottom line: With
continuous stress.

~

Diagram C As superabsorhents (shown in black) swell, they force soil
partlcles (shown in white) apart, opening passages for air and at the same

time improving moisture availability,

Page 14

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 the
unswollen 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
superabsorbent having an absorption
capacity of 800 times its weight in
pure water to absorb two or three
hundred times its weight in actual
use. Although pH of the absorbed
fluid will also affect ahsorption, 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

December 1981
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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 land:cape and greenhouse
industries. The product may be
used in either a dry form or mixed
with water to form a gel slurry.

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
“rc ~tousinJuly 1980, explaining
uis experiences with Terra-sorb.
“1 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*applicati Az
b

the material was utilized as a s
amendment in stock beds for the
production of fern runners. In a
second use, we tested the material
in the production of 100-inch fern
baskets. In the stock beds the
product was incorporated into
domestic peat at the rate of two
pounds per cubic yard. We ran
control beds adjacent to the two
test beds and grew ferns under
identical conditions of light and
nutrient levels. After harvesting
two crops in eight months we

December 1981

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
conditicns. The differences were
dramatic. The Terra-sorb treated
baskets exhibited no transplant
shock (transplant shock 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-sorb in the potting medium
we reduced the time to finish the
crop to 15 weeks, a savings of 25
percent. We attribute this difference
to the water-holding capacity of
this product,

“Further, we have considerable
feedbeck from our customers
concarning the performance of our
plunts 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
maintuined in the growing medium
superabsorbents are of little value.
However, the cost of maintaining
the ideal moisture conditions should
be examined and compared to the
potential savings that could result if
superabsorbents were applied.

In addition to incorporating
Terra-sorb in the growing media,
landscapers and nurserymen are
improving survival and minimizing
transplant shock by applying a gel
slurry to the transplant roots. About
one pound of material is combined
with 20 to 30 gallons of water, to
form a free-flowing gel that will

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.

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. Treating the
transplants by dipping in a gel
slurry consisting «f one ounce of
Terra-sorb/gallon of water resulted
in a 298 percent increase in survival,

HAMPION International Paper

Company has been using Terra-
sorb for the past year to gel coat
seedlings prior to packing. This
firm 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.,

Page 1S
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Soil moisture is held in three
basic forms. Gravitational water 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. Capillary water 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
ideal growing congitions.

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 drainatically. 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.

E UNIVERSITY OF
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
larga 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.

E COST for using

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.”

December 1981
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In hydro-mulching, Terra-sorb
is mixed with the mulch, fertiiizer,
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 bhinder
minimizing wind and rain erosion.

Terra-sorb is also useful in
interiorscaping. 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 slovly,
and thoroughly to permit optimum
superabsorbent absorption.

Employing 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 superabsorbent drawing moisture
from the cutting. Plant roots act as
check valves, and until established,
moisture ean be easily drawn from
the - atting by the superabsorbent.

Reports we receive concerning
the use of this material are well
summarized in the words of Sara
(iroves, 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, transplanted flowers and
shrubs and all growing plants are
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, Inc., Bradenton, Florida,

December 1981
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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
P.O. Box 699, Bailey, N. C. 27807

“Home of the
Powell Preferred

Plant”

» Quality Plants in Containers
« Complete Selection,Size & Variety
*One Call.... Buy Alll

powell

URSERIES, INC.

Koute 1. U S 19.South
Phone: (912)226- 3211

Editor's Note:

This feature is primarily an
cvaluation of the soil amending
properties of Terra-sorb, a product
of Industrial Services International,
Inc., Bradenton, Florida. The subject

Thomasvilie,
Georgia 31792

represents an interesting follow-up to
“Evaluation of VITERRA 2 Hydrogel
As a Medium Amendment” which
appeared in the October 1981 issue
of CRNAMENTALS SOUTH,
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wal re- The Rolex Awards for Enterprise is an international program to provide financial help
h 500 and special encouragement for individuals whose projects have broken new ground
aining in Jeir chosen fields. These projects capture that spirit of enterprise
. ™ . B .
n 50% which has been such a characteristic of the developinent of the Rolex watch.
Here are the five award winners of 1981 with a resume of their projects.
ness in
fit the A Blueprint for Disarmament — wi To Save the Snow Leopard —
ots for Seymour Melman 4 Rodney Jackson
 effec- , If global disarmament ever 1s to be achieved. one 8 In the snow-covered Nepalose Himalayas lives
L M4 vital step in the process will be to convert industrial b the clusive, endangered snow leopard.
Lunity; R oAl cconomics from miltary to civiban work, Seymour Mr. Rodney Jacksun, a wildlife biologist, plans
ources Meiman, an American Professor of Inductrial Engineering, has to capture iive several specimens of these magnificent crea-
i ore been exploring mynad technical, economie and orgamizational tures and collar them with radio transmitters. Very little is
iwm changes required to make such conversions work. known about the snow leopard, but we do know that it f-res |
ws) for As industrial econonues vary wicielv, Professor Melman s almast certion extinetion as man encroaches upon its habit..t.
what formulating three representative models for conversion: the Mr Juckson's 1981 Rolex Award for Enterprise will expand .
U.S.A. and Western Europe. the Socialist countries, and the less- our knowledze of the snow leopard and its environment and
developed countries. help save a beautful species from extinction.
His 1981 Rotex Award for Enterprise will enable Professor
Metman to develop his bluepnints for conversion.
p
atory Preserving Mexican Folk Music — it Re-fertilizing the Earth —
Eduardo Llerenas 4 Andre Martin
The culture of Mexican folk music is one of the B3 4 All over the world. vast tracts of fire-dainaged
> richest in the world. LR land lte waste, To return land such as this (o its
reaidl gl However, due to the influence of TV, radio and pEX M ongnal fertility 1s the aim Andre Martin has set
to my the record plaver. o a culture fast disappuareng. himself. The undergrowth, brustwood and scrub. the only
. With two companions. Mr. Edvardo Llerenas has made over things which will grow on such Jand, gre cleared and converted
deDOSltS cighty trips inte the remotest parts of Mesico i order 1o into an orgamicatly rich compuost.
an inter- record, compare and preserse the cowmtey’s traditional song s, In a successful expeniment in France, twenty previously
lone o When completed, the work of Mr. Llerenas will provide an desolate acres have Leen returned 4 successful cultivation
la ¢ aceurate and hiveiv record of the folk music of Mexioo vsing thus method,
large de- His 1981 Roivx Avard for Enterprise will help Mr. Llerenas His 1981 Rotex Award for Enterprise s reward for Andre
nt to complete this valuatde undertaking. Martin's truly fertle imagination,
lamou
sits, This
mation of . . . .
fac . . . Lach of these five winners has received
the fact ; Let the Sperm Whale Live — L L
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mnd not all s #;'n method for the growing ull u}c ,.r..,:.nm lnusn. specially insenbed Rolex Oyster as a tribute.
. 4 1 jojuba nut contims an ootb which s almast NETe ov Awearde : .
-lkely to be dentcal in properties to speri whale il and therefore conld The 1981 Rolex Awards for Enterpnse. He]p
saomic to become a commercial alternstive to sperm whale slaughter. and encouragement to those who have
. However, 1t 1s only Mr. Mirkovie's use of cop: Lo fifled \ 0t . :
mt deposit Witk el i 4 water ahe " et ' | demonstrated truly outstanding ’
mmount of acap weipht of watgr, thus dramatically reducing tie cost of enterprise.
sed by irentation) winen may make the cultivation of the jojoba a com-
vs used by mercuil possibihity. Mr. Mirkovic's 1YHD Rolex Award  for
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D Finds Nothing Exceeds Like Success

by Cass Peterson
Bington PostStall Wetter
e a problem to envy, but
/ 4ur International Devel-
having a little trouble
(CCE8S,
wot of ATD's dilemima is
wintal program it helped
September in Zimbahwe,
d atechnology exhibition,
AID play matchmaker be-
entrepreneurs and poten-
i the Third World.
a4 1 that US. firms get
3, which create jobs here,
leveloping  countries pet
that can hoost a;,, caltue-
tion and  create  jobs
th goals are solidly i line
fnnmistention’s o-ms,
romonthe att
/ raves in Zunbuabwe, the
on ice at AID. The probh-
logy exhibitions are a lot
fairs. And trade fairy are
AlD's job description.
e agency can justify an

Ha eaper

under ' onslative
v help '™ Moeoun-
VL ks ape
rent o caevowant to

the turl of the Commeree
tand help
protic, even it Commerce
wy. L0as, accading o a
al aide, o case of “the hu-
war swathoat v
1) did ia relativelv <imple:
vl

S badness

Apeti EITR
fer contribution and a pri-
wlor, the ageney put to
S.opavilion for the event,
evelopment  “Technology
last September in Bu-
shabwe,

e pavilion, about 40 U8,
wed & smorgashord of the
counterculture  gadgetry
he field as “appropriate
" There were windmills,
cdstoves and refeyerna-
ind heelives,

weta were not the sort of
General 1Y namnese andd

warld's door.
Quinn, president of Industrial
Services  International

ternational Develupment.
AlD was experimenting  with

Third World countries, Quinn was
looking to expand the market for
his product: ‘Terra-sorh, a super-
ahsorhent soil additive that cap-
tuees and holds maoisture where
prowam plant . can el

All) is still evaluating its exper-
iment, hut Quinn is ready to issue
hig opinion: "It was an absolute
success. No question about it.”

James J. Quinn thinks he has a
hetter mousetrap, by he doesn't
expect the world to heat a path to
his door. He would, however, like
a little help heating a path to the

Ine. of
Hradenton, Fla., was amonyg the
American businessmen who went
to Zimbahwe last September at
the expense of the Agency for In-

ways to transter technology to

“Terra’ Firm
Sees Bonanza

As a result of contacts made
during  the exhibition, (iinn’s
firm s working on  marketing
agreements with three firms in
Zimbabwe and two in South Af-
rica. Crates of Terra-sorb left by
ship last month for Africa.

There really isn't much new
ahout Terra-sorh, a starch poly-
mer that looks like coarse saw-
dnst. The Apriculture, Department
developed  the technology  more
than 10 years ago. Government
scientists, intrigued by its ability
ta soak up hundreds of times ity
own weight in water, called ot s
per slurper.” Bul the technology
sat on the shelf until Quinn’s firm
saw its practical polential.

What the product does is hold

moisture in the soil, where plants
can uvse it, rather than letting rain
run off or sink to the water table.
The Bradenton firm sells tons of
it now, to plant nurseries and
other horticultural operations, as
well as Lo cemeteries.

‘I'he tirm is experimenting with
T'erra-sorb seed coatingy as a way
to improve germination rales 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-
ufacturing plant in southern Af-
rica with African empluyes.

“It's a whole lot better than just
pumping money into those coun-
tries,” Quinn said. “And most of
them aren't interested in having
another Borden or Dow sitting in
the back yard.”

~—Cass Peterson

ver'ures and overseas manufacturing
and marketing  agreements  that
could create jobs in the  United
States and Afriea.

In all, according to a prelimnary
evaluation by AlDs project officer,
“husinesy arrangements made within
the U.S. pavilion ranged from $4
{rmillion] to 36 millon. There 14 po-
tential for the final fipure to aub.
stantially exceed they amount.”

In a cable to the State Depart-
ment alter the Zimbabwe event,
Al oftice in Ouapadongon said
Upper Volta's representatives were
“delighted . . .. Instead of the giant
corporations they had expected, they
met with ‘small- and medium-dized’
firms promoting technologies appro-
priate to the African environment.”
The Near Fast mission of AID
rhimed in enthusiastically, suggeat-
ing a sumilar etfort for an upcoming
technology tair in Munila.

But in a recent House Small Busi-
ness subeommittee heaning, Barbarn

now expected this week, and officials
familiar with its drafting say it will
he positive.

But opinion differs  within the
agency over whether # auceess in
Zimhabwe ought to have any bearing
on the issue. A memo from an offi-
cial in AID's Bureau of Private Fn-
terprise warned the Near [ast mis-
sion to lay off the Manila propasal,
saying his office “does not believe
that suppert of auch an activity rep-
resents the kind of priority which
would justify use of its limited re-
sources,”

Otis told the henring that the
memo reflected one official’s confu-
sion ahout the difference hetwean a
trade fair, which is Commerce’s turf,
and a technology exhibition, which is
within AID's bailiwick.

At the same hearing, Commerce
nides ncknowledged that AID, with
ita network of foreign missions in
develaping countries, is much better
ut putting on events like the ane in

small business. They do not focus in
on development technology.”

Rep. Berkley W. Bedell (D-lowa),
chairman of the Small Business sub-
committee that explored the issue in
December, was exasperated at what
he called a “hureaucratic nightmare”
of missions and mandates and agen-
cy priorities. “I have to tell you I
think our policies are just absolutely
crazy,” Bedell said.

ELSEWHERE

o CPSC majority sends warning
on agency's budget—Pagr Cl1

e Leahy asks the White House to
review the role of agriculture assigh
ant secretary in stock fraud case—
Page A

o Civil rights lawyers ask court to
overturn  Reagan administratidn’
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SECTION III

"TERRA~SORB"

Industrial Services International, Ino.

See For Yourself.

Terra-Sorb: A Water Management "Tool" for World Crop Production.
Terra=-Sorb "Super Soil Moisturiger"”: International Applications.
Terra=-Sorb - What Is It?

Potential Applications for Terra-Sorbd.

A Testimoniel Report.

Terra-Sorb in Greenhouse Use.

Terra-Sorb in Transplanting.

Terra-Sorb in Landscaping.

Seed Coatings.

Questions Most Asked About Terra-Sorbd.

Terra-Sordb in the Forestry Market.

Terra-Sorb in Combination With Hydromulching.

Terra-Sorb 200G Super Seed Moisturizer for Seed Coatirg.
International Bulk Price Schedule.

Terra-Sorb Specifications Guide for Landscape Architects.
Forestry and Ornamental Users.

What Others Say About Terra-Sorb.

Here Are Just A Few of Our Terra-Sorb Forestry Customers.



Sprinkle one teaspoon into a
2 oz glass of water., Next,
waich as each insaliuble flake
absorbs hundreds of times iis
weight storing available mols-
ture for plants and reducing
waier use dramatically.
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Ut TERRA-SORB ABSORBE 20-25 GALLONS OF PIANT AVAILABLE WATER

HCW IT WORKS MAMY USES

When mived inlc the g.owmg niedia each tiny pani- LANDSCAPING MURSERY

cle of Terra-Sorme acty bk an amezingly efficient AND

sponge which will expand to aver ihirty timas its éﬂFENHOUSE

QNE POUNE

FARMING

onginal volume. Terra-Sorb® will ot change he . : . ;

nature ol tie masture 3 ohsorbs, When water B Sodding , " Propqgatmg B Transplar]t dip
pvaporets ¢ in eotractes Lo rerr3-Sothe . the I Transplanting ¥ Hanging baskets L Seedcoating

materiai returns to anunewelien clate, incrzasing the % Hydromulching £ Bedding plants % Plug mix

ali pere space in e soil thereby increasing E Hyaoseeding & Bare rcot shipping & Fluid drilling

aeralion. When waler 5 zaain inlroduced, Terra- media

Sorb® will re-swell,

Flants groven with Terra-Sorb amended medla can reach saleable size up te 30% faster!

Terra-Sorb increases ‘he waler-holding capacity of any Terra-Sorly promotes more unifor plant growth in hard
scil mixture withcut causing over-watering problerns. to raintein patio pots, windov: boxes, kanging bas-

Excess waler ilows freery over water swoilen Terra-Sorb
particles as it would flow over o saturaled cponge.
Terra-Sork was daveloped 0 condition any planting
media for belter waler -ontro! It releases the right
amount of water at the right time

Terra-Sorh recuces watering needs,

Terma-Sorh helps prevent transplant shock,

Terra-Sorb provides for healihier root systeins, resulting
in healthiee pianis.

Terra-Sorb speeds plant growth,

kets, elc.

Terra-Sorb acls as a “Eaby sittar” for plards extending
the period between welerings. Keens plaats fresh while
you vacation,
Terru-Sork improves o
media,

Terra-Sorb reduces media requireriants by 10% to 15%
in small containers.

Terra-Serb is easy to use.

alion and drainage of growing

Terra-Sorb® is a product of Industriai Services Internationai, Inc.
For further inforrnation or to place an order contact:

-y Q§O

*Terra-Sorb® is a gelatinized, starch-hydrolized polyar.rylonitrite praft copolymer using polassiurn hydroxide. m



TERRA-SORB
A WATER MANAGEMENT “TOOL"
FOR WORLD CROP PRODUCTION

By

James F. Pritchard and James J. Quinn
Industrial Services International, Inc.
P.O. DBox 10834

Bradenton, Florida 33507 U.S.A.
Phone 813/792-7718 Telex 89-8388 (AEMPOWER/WHEN)
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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 Services
International, 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
TERRA-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.

o0 Greenhouse growers.
0 Soil conservationists.

INTERNATIONAL APPLICATIONS

TERRA-5CRB's potential applications in developing countries are

practically limitless. Dcy land and rain fed agriculture projects such as
thuse sponsored by the U.S. Agency for International Development seem
particularly suited for the use of this technology since, by definition,
these prcjects are predicated on the absence of consistent predictable
amounts of precipitation. In such an environment, TERRA-SORB use may make
the difference between agricultural self-sufficiency and the continuation
of a pattern of importing basic foodstuffs. Experiments conducted in a
semi-arid arca of United States showed twelve to fifteen per cent increase
in wheut: vields in those fields using TERRA-SORB compared to those where
it was not used. There is no reason to believe that different results
would be obteined in developing countries.

Reforestation projects are also suitable for TERRA-SORB use. Over one
half killivn forestry seedlings were treated with TERRA-SORB in FYy '82.

TERRA-SORB, WHAT IT IS AND HOW IT WORKS

TERRA-H5ORB is a material that acts like a supersponge, absorbing and
storing hundreds of times its weight in plant available water, releasing
it tc the plant on demand. TEKRRA-SORB is a water management tool. In
aadition to its amazing moisture retention, TERRA-SORB acts to promote
aeration and in a.iny other ways benefits the grower.

HOW IT WORKS:

a\
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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

CROSS LINKS

O -
)
]
'
o
3
]
:
(o}
]
[}
;
o]

Diagram A. Each molecule has in
imsUuﬂuwtwanMpudeynmps
of atoms, periodically joined by
connecting links.

When water comes into contact with a superabsorbent, an electrical
repulsion takes place, causing thz main branches of the molecule to repel
zach 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.
At maxjmun capacity, each particle will expand to over thirty times its
or iginal vnlume. When water evaporates or is extracted, the material
shrinks, returning to the unswollen state. When water is again added, the
material will re-swell absorbing the water as described previously.

FACTGRS At TG ERSORBENCY :

The absorption capacity of superabsorbents is affected by acidity and
alkaiinity (gH), conductivity, and other variables that inhibit expansion
of the 72l particles. The pH of the absorbed fluid should not present a
orobler in mosk plant related applications since the pH in the growing
envirenmert i3 rormally within the ideal range for optimum absorption.
Fertilirzers, nalts and other chemicals present in the growing environment
Cait: however, cause a significant reduction in stated absorbency.

Superabscrbents having a very high absorption capacity (eg. over 1000
times their dry weight In water) are typically sensitive +o such
"impurities”, losing a large percentage of their claimed capacity. 1It is
not uncomaon for a superabsorbent having an absorption capacity of 1000
timns its weight in pure water to absorb 200 or 300 times its weight in
asrual ue hacause of the effect of such materials as fertilizers and
othe: chenicals,

Selzcting he proper application rate, especially for very high capacity
superabsoribents can present a serious concern. ‘The user nust decide
whether the material should be applied at the recommended rate, a rate
which may not be based on "real world" conditions, or at a higher rate
which cocnsiders the characteristics of the particular growing environment.
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Applying a superabsorbent at a rate which produces too much gel at the
plant roots can cause serious problems, including pleat cdeath, by
inhibiting rocot aeration. Using superabsorbents at too lsiw an application
rate will result in failure to obtain the desired benefit.

Using superabsorbents having a lower sensitivity to such variables, as

discussed previously, takes the guesswork out of selecting the proper

application cof superabsorbent technology. Another method ¢f eliminating
the guesswork is throujgh the use of TERPA-SORB 200G to coat seeds priop/ to
planting. This is especially appropriace in a developing country context

application rate, dgreatly simplifying the successful, effect;@e

where farmers may lack the know-how to properly mix and add TERRA-SORB .

flakes (see p. 5 for more information on TERRA-SORB 200G).

EFFECLULVE LIFE:

TERRA-ZORE remaing effective through many swell-shrink cycles. In the
arowinyg enviromnment the superabscorbent remains effective from a period of
about =iw morths to several years. After biodegrading, what remains
functicns as soii amendment to improve aeration and other soil
chavacter istics, In Fact, biodegradation converts TERRA-SORB to virtually
the snme mzterial as a soil amendment marketed by Monsanto in the 50's

cailed KRMLIVLTIMA.

De. Jim Alzton. Director of Research for the George W. Park Seed Co.,
repcried in the June-July, 1982 issue of FLOWER AND GARDEN MAGAZINE, that
superabscroants in the powder form hold more water than flake type
materials sneh as TERRA-SORB. However, the powder forms decompcose faster.

PrQEOTES ALY GROWTH

Mogt planks cue watered on a schedule or when signs of wilting appear.
Such methcds do aot ensure that the plant has adequate water for optimum
gyrowth. In [2ci, by the time a plant shows signs that it needs water, it

has long ziice stopped growing. Using TERRA-30RB allows the plant to
obctain wale az needed for optimum, uniform jrowth (as illustrated in
diagram B). There is no slow down due to too much or too little water.

Z

& C/"

2

;é /.—-—-—"_

|~ -

TIME

Diagram B Top line: T'reated with
superabsorYents. Middle line: Growth
with some stress Bottom line: With
continuous stress.
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At the same time, in an environment where there is noisture stress, faster
growth is promoted by the gradual, phased release ci citored water. 'This
serves o ameliorate the "rain-runoff-drought" cycle in arid and semi-arid
areas.

IMPROVES AERATION AND DRAINAGE, DOES NOT PROMOTE ROOT ROT:

Oxygen depletion or carbon dioxide buildup in the plant roct zone is
harmful or fatal to a plant. When superabsorben’: partirles are present in
the growing media, they will, uvon absorbing water, exrpand Lo many times
their original volume (as illustrated in diagrzm Cj. Thig expansion
npens. ard exercises the growing media by forciny uoil particles apart,
increasing ueration and improving drainage. Once these particles reach
their m:xiaam absorption, excess water flows freelv over and around the
particles as it would flow cver a saturated sponge. TERP2E-SORB does not,
thevefore, cause "plugging" of the soil. The comt:ination of ideal water
availabilicy combined with gcod aeration promotes faster growth and
minimize . wie denger of root cot.

Diagram C As superabsorbents (chown in tlack) swell, they force soil
particles (shown i white) apart, opening passages for air and at the same
time improving mostuee availability.

MAKES (D EFWLICIENT USE OF WATER:

2 ma‘er advantage of superabsorbents is their ability to make use of
cravitatinnal water, water which is usually not available to plants, as
well as capillary water. As explained below, soil moisture is held in
threo oo 0 Zovms:

1. “vavitstioral water 1s water that freely moves throungh the soil Gue to
the sooue oF gravity. This water cannot ugn:lly be used by the plant
beccitge io vepidiy wovez cut of the soll.

2. Cagiliacy wacer is watec that is held wvery loosaly arcund the soil
particl!es. ‘he water i3 held by cohesion (attracticn between like
molocules). .wost of this water is available to plants. Capillary water

can be considered as being in the form of @ thick film around the soil

6\
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particles. The water moves to the point of highest tension (lowest
pPressure) . The root hairs create a low pressure and are capable of
drawing moisture until the attraction between the soil and the water
molecules ~xceeds the attractive forces of the ronors (permanant. wilting
point).

3. Hygroscopic water is water held in the form of a very thin film around
soil parcicles. It is not usually available to plants.

WIDELY ACCEPTED:

TERRA-SORD is overwhelmingly accepted by the growing industry in the
United Sta:es. Magazine articles, testimonials, research reports and
other matevials, along with ovr satisfied customers. attest to the proven
effectivenass of TERRA-SORB. ~he attached appendix includes summaries of
reporcts on TERRA-SORB by leading reswearchers.

USES OF TERRA--SURB
There are Live idasic wavs to use TERRA-SORB:

\3 a seed coating (TERRA-SORB 200G).
Adding o growing media in the dry form.
As a gel carrier for pregerminated seeds.
3 a g2l dip vhen combined with wakter.
Bioacnunting oser surfaces prior to planting or seeding.

[CA = YT N

TIRRA -SUIE 2006 FOR SERD COATING

A sprersiny modified Eorm of TERRA-SORB has been developed specifically
for secd crating applications. Moisture dabsorbing particles in TERRA~-SORB
200C ewpant az they draw moisture from the humid air in the soil or from
liguid wat2r. 1(n expanding they form a gel "fuzz" at the .ed surface.
Moistnure Yeld by the gel softens seed tissues promoting rapid germination.
Plants ¢row faster because moisture is readily available to the seedling.
TERRA-GOVL 209G can be mixed with the seed at a central distribution
facility, tras 2liminating the need for the individual farmer to concern
himse £ with 2dding the material.

Tehrus -LORE L0GG 15 a powder that is applied by simply mixing it with dry
geed in the ratio of one pound per hundred pounds of dry seed. It is
ideal foc sowaer, hopper kox application. Because TERRA-SORB 200G ig not
abrasive, and since it contains graphite, it lubricates planting
equipment, thereby maximizing Planting efficiency. For seeds with a
smootn, waxy surface, a small amount of water may be added to the seed to
aid in coating.
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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 tr=ating 10,000

forestry seedlings is $3.75.
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APPENDIX

RESEARCH STUDIES

Leading universities have confirmed that TERARA-SOKRKB 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 environmenit.

UNITED STATES £OIRESY SERVICE, Charles R. Venator and Zohn C. Bricsette

SUCERABSOKBENTS REPRESENT A PROMISING PACKING MATERIAL FOR BARE-ROOT PINE
SEROLINGS.  Loblolly pine (Pinus taeda L.) seedlings packaged in
superabsornent polymers or clay and planted within 48 hours of after 30
davs Cold storage were evaluated. In a test conducted in Louisiana for
seedl ings outplanted within 48 hours, survival of seedlings dipped in
TERRA-SORDB nad the highest survival, 84.0 percent. The clay slurry
treatment survival was 49.0 percent. In a Mississippi test, seedlings
ztored Ior thirty days in cold storage had the highest survival when
treated witp IERRA-50RB 1000, an experimantal TERRA-SORB formulation.
Sucvisc iowan 94,5 percent as compared with a ¢lay slurcy control group
sarvesal o of 97.0 percent.

As porated out in the study, "Successful establishment and good early
dqrowth of oifplanted seedlings are important elements in any reforestation
procram. ‘The increasing use of genetically improved southern pine
sendlings Aand high site preparation costs make planting success even more
umportant. ..

accosding Lo the study, "At least three southern forest tree nurseries
have coaverted their pine seedling packing operations from kaolin clay
slurry to a superabsorbent without any reported negative effects." The
superabsorlbent of choice was TEQRA—Q&RB.

AUBURN UNLVERCSITY, Dr. Frederick B. Perry

TERRA-SORS UANM BE BEFFECTIVELY ADDED, ’0 PINE BARK MEDUA 70O REDUCE WATER
STRESS AND INCREASE NUTRIENT RhTENT@ Four rates of TERRA-SORB and a
control were used on an all pine bark med1um. Plastic containers were
filled will unamended pine bark, or pine bark medium plus 1, 2, 3 or 4
pounds nf TERRA-SORB per cubic yvard. Pote were fertilized from one to
five times using a 200 ppm N, P, K, scluble fertilizer from a 20-20-20
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sourece.

The weight of the containers at field capacity increased the first day of
watering by 41, 85, 117 and 131 percent (Figures correspond to the amount
of TERRA-SORB added to the media). A subsequent tect showeé an increase
of 19, 50, 66 and 70 percent. The difference ln percentage is attributed
to the bark not being at moisture equilibrium during the first test.

The use of TERRA-SORB to enhance the water holding capacity also increased
the nutrient holding capacity of the pine bark medium. Soil nitrogen
increaszed 3, 6 and 9 percent as the weight of TELRRA-S50RB increased from
one t- thrae pounds per cubic yard. Generally the nitrogen content
increosed by one percent with subsequeat fertilizer applications.

UNIVERSLTY OF GEORGIA, Dr. Vivian Muncay

PRRP - HOL (NCREASED GERMINATION, INCRSASED THE WATER HOTDING CAPACITY AND
REDUCED WATERING REQUIREMENTS OF PLANTS GROAN IN A SO1LLESS GROWING MEDIA
(Meteo-in 300). Phaseolus volgaris, "Topcrop bushbean", was chosen as
the tesi siecnt because it has a large transpiration gurface area, and
wnuld, charelore, he expected to respond rapidly to changes in soil water
content..

The weighic or containers at field capacity increased by; %, 18 and 36
parcert as Lie amount of TERRA-SORB was increased from 1.2 to 2.2 to 3.3
noands oo cubic yard.

Corwioaa. on inoreesed from 48 percent (control) to 83 perceni: (L.3, and
2.2 pound per cubic vard rate) to 90 parcent at the 3.3 pound per yard
rate.

UNYWEL SUATEE DEPARTMENT OF AGRICULTURE, Dr. Stan Nemec

PIHRA-S0 15 HiGULY EFFECTIVE AS AN INOCULANT CARRIER FOR MYCORRHIZAL
FUMGI. fesules from tests conducted by the Department of Agriculture show
rhat 'TPRAA-GOKB can be used as an inoculant carrier for mycorrhizae fungi.
freating plants with the fungi results in improved growth because the root
ctyuciu.e 1w changed, improving the ability of the tree Lo obtain
nut-i1ant ;. Citrus trees treated ian this manner show a substantial
increans in extension growth and no evidence of phytotoxicity.

PO CARLLING STRTE UNIVERSITY, Dr. Roy Larson

DRELIMIMARY STUDIES INDICATE THAT TERRA-SORB MAY INCREASE THE
EFFECTIVENESS OF GROWTH REGULATORS.

o
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VIRGINIA POLYTECHNIC INSTITUTE, Extension Division

'TERRA-SORB INCREASED THE PERCENTAGE OF GREEN COVER AND REZOLTED IN A 56
PERCENT INCREASE IN ROOT STRENGTH. Where aerified scd was soaked in a
slurry consisting of 19 grams of TERRA-SORB per gallon of water, rcot
strength was 3.6 kilograms per 900 square centimeters. TFor the same area,
root strength of the control 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 ané treated by dipping in a slurry consisting of 12 ygrams of
TERRA-SORB jper gallon of water. Green cover for the control was 53.3
percenl. "'he TERRA-SORB treated sod had a green cover percentage of 90.7
percent.

Other repourts cencerning the use of TERRA-SORRB, in applications which are
not directly aprlicable to forestry and agriculture, are available on
roquest.

CLOSING WOTE:

The cbj2ctive in writing this paper has been to present the product and
the Lechnoiogy in a ¢lear, meaningful manner. We trust that you will find
this information helpful.

Snoald you nzve questions or comments, please contact our office.

INDUSTRIAL SERVICES INTERNATIONAL, INC.
P.O. Box 10834
Bradenton, Florida 33507
U.S5.4.
313/792--7778 Telex 89-8388 (AEMPOWER/WHEN)
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TERRA-SORB "Super Soil Moisturizer"

INTERNATIONAL APPLICATIONS

TERRA-SORB is currently 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 cffective than in
other parts of the world, the following applications are zconcmically
justified world-wide.

AGRICULTURE

SEED COATING

All seed requires moisture to germinate.
TERRPA-SORB 200G, seed coating, applied by the farmer,
is mixed dry with seed before planting fields. [t
raguires no tackers, stickers or processing and with
TERRA-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
anst of using TERRA-SORB 200G for cabbage and tomatoes
per hectare (1.25 kg of seed) are 10-12 cents and for
waeat (300 kgs of seed) $18.00 per nectare.

Avplication 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
well blended. Seed color after mixing
should be uniformly darker. The total
mizing time to treat a 50 kg hag of seed is
less than 2 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.

Copvriaht 1982 by Industrial Services International, Inc.

P.O.Box 10834 s Bradenton, Florida 33507 U.S.A. = “hone (813) 792-7778
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SEED BED TRANSPLANTS

Many agricultural crops are started in secd beds
and then transplanted into the field. One of the moct
critical periods in the life of these young, tender
transplants occurs during transportingc and
transplanting the seedlings when water stress is
likely to occur. 1If moisture is inadequate during
this critical period, the transplant experiences
stress and may never grow to produce expected yi:lds.
If a TERRA-30RB prepared gel is used as a packing
media vhen transporting these young secdlings, ané as
a transplant dip prior to plantiug ia the £ieid,
stress is reduced resulting in higher survival,
reduced replants, less labor and increased vields.
One ka2 of TERRA-SORB treats 10-12,000 seedlings and
»ill cost $10~12.00 US.

APPLICATION PROCEDURE

Mix TERRA-SORB at the rate of one k3 per 200 liters of
water. '

As a packing media, pour gel into the bottom of the
Fransport container so that the roots of the seedling,
which are later plazed in the conteiner, are in the
gel. As the seedlings are lifted frum the transport
contairer, the TERRA-SORB gel will cling to the roots
providing water reservoirs which reduce transplant
snuck and insure a better start.

As a dip treatment, simply dip the roots before
planting.

Mote: 5should a tackier gel be desir=d, prepare the
gel several hourc before using the mixture. The
addition of chemicals such as root stimulators,
fungicides, etc., may require you to use 5lightly more
TERYA-SCRB than usual. Since many factors can alter
the final absorbency of a polymer, only you can
determine the optimum rate for your cspecific needu.

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 increases survival
and is one of the most important contributions to this
industry in many years. Since 1978, aundreds of
forest nurseries and ornamenrtal growers have been
using TERRA-SORB as a packing media and transplant
Jip. Dburing the 1982 lifting and trancplanting
szason, ovzr a half billion se2dlings were treated
with TERRA-SORB. Leading torestry and crmw reial
ornzmental arowers in the U.5. and otr2c countries
novi uce TERRA-S0RB to increase survival and redace the
nverali cost uf reforestation.

APPLICATION PROCEDURE

Mix "TERRKA-SORB in water at the rate of cne kg to
approximately 200 liters of water to obtain a loose
siurry of gel.

With rare rooted seedlings apply the gel to the roots
cf tiint:d seedlingr by spraving o: dipping the
seczalings befove wrapping for shipeing, stering or
tranaplanting.

wWith cmontainerized seedlings, use the gel as a root
ball ip ouv sprav the root ball before plantiag the
‘soedl.ng and/or distribuce dry TERRA-SOPB into each
“oLe at the rate of 1 to 2 grams prior to planting the
seedling.

wWith field grown seedlings which arz lifted with a
root ball, dip or spray the rocot ball ac it is 1ifted
for transporting, and again as the scedling is
planted. -

Copyrighr 1982 by Industrial Services International, Inc.
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GREENHOUSE APPLICATIONS

As any greenhouse manager krows, water is & vital
factor that must be properly manag2d 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 must determine
the proper balance of materials which will held water, while
ac the same time provide for adeguate drainage and air pore
space sufficient tc ventilate and remove gases expelled from
the roots.

TERRA-S0RB plays an important role as an amendment to a
growing mmedia. It holds hundreds of times its weight in
water. Unlike conventional potting medium abso:rbents, over
895% ol tne water absorbed by TERRA-SORB is available to the
plant. Because more oi the water held in the medium is
availaole to the plant, faster root development and plant
growth can be expected because growth does not slow down as
auch botween waterings.

TERRA-30RB increases aeration of the growing media.
Eacn tiny particle of TERRA-SORB expands to 30-40 times its
size when in contact with sufficient water. This expansion
pushes adjoining soil particles aside and provides
acdditional zeration as water saturated TERRA-SORB begins to
yield its water to the plant.

Trhis unique combinstion of additional available
moiziure and increased aeration provides management a tool
tha' insures faster root development, less water problems
and a plant that requires less maintenence. Water usage can
ofcen be cut as much as 50%. Because TERRA-SORB absorbs
liquicd nutrients as well, leaching of chemicals is reduced
thereby providing additionz2l cost savings.

APPLICATION PROCEDURE

Mix TERFA-SORB with dry media at the rate of 1 1/2 kgs per
cubic meter. When mixing applv TERRA~SORB slowly to insure
even distribution. If media is moist, a premix may be
necessary. Mix TERRA-SORE with a dry additive first, such
as sand, bark, perlite, etc., and blend thoroushly. Mix the
premix with remainirg media ingredients. Amended media may
be steam sterilzed.

Copyright 1982 by Industrial Services International, Inc.

P.O.Box 10834 = Bradenton, Florida 33507 U.S.A. = Phone (813) 792-7778
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LANDSCAPING

Use of TERRA-SORB ir landscaping was the fastez' qrowing use of our
technology in the beginning years of our business. 7This was because
landscape materials always go into stress when transpilanted and often do
not recieve the care given them in the nursery. Landscapers were quick to
realize the heuefits of extending water management dur ing and after
installation of plant materials. Lendscape materials treated with
TERRA-50RB can fCrequently go twoe to thres times as= long bhatwv2en
irrigations. Where TERRA-SORB is 4sed, stress is veduced and the cost of
replanting lost mate:ials is ont Arastically.

Think of TERRA-Z0RB particies as super effecktive Yittle sponges which
will hold mony tiwes “heir weight in water. The mabteriol wray be broadcast
into the hole woetoce transplancine shruos and trees. It mavy be broadcast
cver an arei beior? laying yrass or workead into the soil of a newly
prepar-ad flower bDod oc turf green.  In hydroseeding, spraying TERRA-SORB
Reens aidisrure on top of the ground where the seed iz and provides for
faster gesronation and & becter Jermination rate, Todey landscape
archit-ors 2oy aontractors in america, Canadz, Unicen Kingdom, Saudi
Frovaa. Lualy ard many other conntries specily tite use of TERRA-SOR3 in
randsal pirg crojeses.

XAPPLICATION PROCEDURE

Mix TEUR Y 0RY choroughly into planting soil mix used as a backFill at the
ratr of 1 00 bgs per cubic meter .

0 trensplanting containerized or balled materials, broadcast TERRA-SORB
ever iy cnrconhiout the hole at the rate of 1 gram per <m of root bhall
dianter .

(a traazolanting bere rooted materials dip or spray rhe roonts with a
YORRA-SORB 2el before planting and backfill with amended planting soil
mix.

Whnen lay/zing new grass oc sceding, broadcast TEKRRA-SORB at a rate cf 100
kgs per hestare prior o laying the grass or broadcasting seed. Should
extrems Leot or other adverse conditions exist, the rate chould be
increased U 150 200 kgs per hectare.

In hydroecs o, aly TYRRRA-SORE in the toik alen with wmulch, fertilizer
and sld soocte pae of 100 kgs ger hectare. If adveisge coadrtions exist,
ie, extceme heat, slopes, limited waler spply, ete.. the rate should be
increozed to 50-200 kas per hectare.

Note: Wroen dry szeding, coat the seed with TERKA-Z0RD 200G, seed coating,
at the rate of one part TERKA-SCGRB 200G to one bundred parcs of seed.

b

Copyright 1882 by Industrial Servicer International, Inc.
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Product Bulletin (9)

TERRA-—-SORB — WHAT IS IT?

TERRA—SORE 1s a “super concentrated” polymer composed of a naturally occurring polymer — starch — and a
synthetic polymer. Technically, TERRA—-SORB is gelatinized starch-hydrolyzed polyacrylonitriie graft copoly-
mer using potassium hydroxide. The polymer absorbs hundreds of times its weight in water — nearly all of which
is plant available.

Each particle of TERRA—SORB acts like an amazingly effective sponye which is insoluble and does not change the
nature of the moisture that it absorbs. =

To .gain.a_n 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

3 XS0

. \ % — Cross Links
0-- 0 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.

%

Qeee O

H—-0O~H Water molecules

+ Like polarity particles
repel but are prevented from
expanding too far by the
crosslinks( . . . ).

At maximum capacity each particle will expand to over thirty times its original volume.

When water evaporates or is extracted from TERRA-SORB, the material returns to an unswollen state, actually
increasing the air pore space in the soil, thereby increasing aeration. When wsater is again introduced, TERRA-—
SORR 1l reswell as previously described.

The use of TERRA-SORB will provide the grower, shipper, retailer, farmer and other users with a highly effec-
tive, low, cost methud of providing plants with an optimum supply of moisture — over extended periods of time.

Since waler is THE PMOST IMPORTANT plant nutrient, it is little wonder that TERRA--SORB speeds root
development and ginowth,

Most plants are watered on a schedule or when signs of wilting appear. When a plant is showing that it needs water
it has long since stopped growing. The etfect of maintaining an optimum moisture leve, s illustrated by the follow-

ing graph.
Treated with TERRA-SORB
/ Growth with occasional stress
/s
Plant Growth /l———- Continuous stress

TIME AN
Copyright 1982 by Industrial Servlices International, Inc,




As illustrated, the growth rate is directly affected by the amount of moisture available. When TERRA-—-SORB
is added to soil a more uniform uninterrupted grawth will result since the plant is able to draw water from water-

swollen TERRA—SORB moisture reservoirs.

TERRA-SORB improves aeration and drainage of the growing media. Oxygen depletion or carbon dioxide buildup
in the plant roct zone is harmful or fatal to the plant. When TERRA-SORB particles are present in media, they
will, upon absorbing watar, expand to many times their original volurns. As the particles expand, they open the soit
media by forcing the particles apart increasing aeratiun 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.

Terra-Sorb Black, Soil Particlas White

As Terra-Sorb swells it
forces soil particles apart,
opening passages for air
and at the sams time
improving moisture
availability.

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:

e Increased available water by as much as THREE TIMES!

o Greatly increased shelf life

o Increased soil aeration

e Reduced transplant shock

» Reduced resets in landscaping

e You pass the benefits of this technology on to your customers — you sell a better, more maintenance-free
product

e Conservation of water and energy resources

o Faster growth

¢ Reduced media requirements by 10 - 15% in small containers

Plants grown with TERRA--SORB amended media reach a salable size faster. Reports of reductions of 20% to 30%
in growing time until the plant is an adequate size to market have been reported. Considering that the cost of adding

ireated media, when finishing 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 TERRA-SORB distributor, or contact:
Industrial Services !nternational, Inc.
P. 0. Box 10834

gradenton, FL 33507
813/792-7778

&
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POTENTIAL APPLICATIONS FOR TERRA-SORB

Radiozctive waste disposal.
Hazardous waste immobilization - rapidly gelling spilled wastes.
Removing excessive moisture from soils and other media.

Thickening agent for variety of material such as; cosmetics,
paint, chemical products.

0il drilling mud.
Absorbent towels/pads.
Sludge dewatering.
Paper ocoatings.
Pesticide application.

Minimizing wind drift from sprayer applied materials such as
insecticides as herbicides.

Protein concentrating agent.

Replacement for conventional absorbents such as cotton.
Pellitizing iron ore - replacement for bentonite.
Filter cartridges to separate oil from water.

Soil stabilizing agent - minimizes wind erosion.
Silage preservation.

Oore binder for metal castings.

agricultural, plant/soil moisture control.
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Bud Heist, Owner
Heistaway Gardons
Cunyerg (reorgia
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“We were getting low
germination rutes in our
begonia and petunio seed
beds, so we tried Terra-Sorb.
Not only did the percentage of
germination (ncrease tremen-
dorsly, ous it elso reduced the
tin.e for germination.
Terra-Sorb also made
separaiion of ructs ir. the
transpianii i of these tiny
seedlings ruch easier. In the
future, we are going to use
Terra-Sorb in our large
hanging baskets.

Overall, we belicve Terra-Sorb
prouides for better germina-
tion, less drying out, and
simply cuts down hand-

ling time.”

“Having Terra-Sorb is like
having a built in baby sitter
for our horticultural projects.
We have found that newly
planted seed flots, seed bed:,
transpianted flowers and
shrubs and ail growing plants
are well protected with
Terra-Sort. In addition
Terra-Sorb reduces labor and
saves production costs.”

Sara Groves, Horticulturist for Georgia Institute of Technolugy, Atlanta, Georgia

Board of Directors, Bedding Plant Institute

Q
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Terra-Sorb, perhaps the most effective product ir: giowing,
has been avaluated by leading growers and lantdscapers in
the Ailania area. We are pleased to report thelr fincings.
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Doug Dorough, President
Dorough Landscaping
Lilburn. Georgia

“We used Terra-Sorb in our
4-nch ponsotitar iest season
and were very plecsed with
the results. With our overhead
watering system, [ don'’t
think ive could have kept
them vatered without it

“In our landscaping project
at Paces West Condominiums
we used a layer of Terra-Sorb
between the ground and the
sod that we laid. Ourprobliems
incluclea »aany nazrouw
eracer, exrrene et and
sparidic watering, Dur sowl
was to minimize shock to

the sod and quickly establish
a green cover. We de/initely
feel tha! Terra-Sorb helped
us achieve these goals.”



Terra-Sorb users
in other regions also
repoit excellent resuiis:

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 material on all of our bare root stock in the future.”

Stephen W. Cantrell, Nursery Supervisor
Champion International Corporation
Swanaea, S.C.

TENNESSEE

“We dip cuvr Bare Root evergreen .iners in Terra-Sorb before we send them
in the ma:l, ¢+ to area field nurseries to be planted straight to the field.

We nad no rain in the area and still the liners dipped in Terra-Sorb did not
wilt bejure they got to the customer and stayed pretty and green

before it rainzce.”

Jdohu 4. Panter, Owner
Join Avrtev Panter Nursery
McMinnville, TIN

FLORIDA

“Watering requirements of the Terra-Sorb containing baskeis were
substantially reduced (estimate 50%) . . . Terra-Sorb treated baskets
exhibited no transplant shock . . . Terra-Sorb sharply reduced crop time
(15 weeks vs. 20 weehs).”

¥red Haupt, President
Sunsh'ne Plants, inc.
Zellwood, FL.

(TERRA-SORB)
» Cunserves water « Improves aeratlo and drainage
o Increases survival ¢ Increases germination
e Maintains seed bed moisture » Increases shalf ife
+ A plant “baby sitter” « Saves time ana labor

For Information or to Order, Contact Your Local Distributor

INDUSTRIAL SERVICES INTERNATIONAL, INC. . RO.BOX 10834 . BRADENTON, £L.33507
(813) 792-7778 . TELEX 89-8388 (AEMPOWER/WHEN)
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Industrial Services International, Inc.

TELEX 89-8388 (AEMPOWER/WHEN)
P.0.Box 10834 « Bradenton, Florida 33507 U.S.A. « Phone (813) 792-7778

Product Bulletin (1)

TERRA-SORB IN GREENHOUSE USE

TERRA-SORB gives growers more CONTROL OF MOISTURE. Media which is amended with TERRA—-SORB
is more care-free than vnamended media. By amending the media the following advaritages have been reported:
increased water capacity, increased air space in the media, improved drainage, less su:face and internal “dry-outs”,
increased media volume in mini-containers, and slightly less nutrient use.

The degree with which the above advantages witl hepen depends on the growing conditiors that TERRA--SORB
is introduced with, such as media type, watering practices, container size, plant lype, environmental conditions,
etc., to say nothing of the differing greenhouse growing technigues found in the industry,

*"All initial users are encouraged to perform controlled tests in a variety of applications within their operation to
overcome rroisture problers or increase cheit life,

FROPAGATING

Mix TERRA~SORB with dry media. Should “balling” occur, mix thoroughly and plant as usual. To mix in moist
media a premix may be necessarv. Mix TERRA-SORB with a dry additive first, such as sand, bark, peat, vermic-
ulite, rarlite, ete., and blend thoroughly. Mix the premix with the remaining media inyrediants. Treated raedia
shovid be eovered if storad outdoors. Steam steritization will not alter the effectiveness of TERRA—SORB.

TERRA--SOA3 amendea media will yield greater germination and faster starts in sticking operations, Cantinuous
misting car be cut back, flat “dry-outs” will decrease, and the general condition of the plant will be stronger,

CONTAINER GROWING

Mix TERRA--SORB with media at the rate of 1- 3 Ibs. per yard. TERRA-SORB8 should remain effective through-
out the hoiding pericd of most foliage and bedding plant operations. When smaller piants are combined shortly
befare selling, greatly increased shelf life can result by amending the added media with TERRA-SORB. Orna-
mertal growers benafit most in bare root shipping and planting and, in amended sticking operations. All short-
o belders will enefit through increased shelf jife.

SHIPPING OF LARE ROOTS

Bare roots can be shipped in a gel of TERRA—SORE mixed with water at the rate of 1 Ib. of TERRA—SORB
to 20 aalions of water. Distribute the gel over the roots before shipping. Over 95% of the walter absorbed is availa-
ble moisture. Compared to peat moss, as an absorbent in shipping bare roots, TERRA--SORB is twice as effective
in terms of available moisture by weight of water. Additionally, TERRA—SORP absorbs 40-50 times as much
water as peat moss by weight. Since less water is necessary (because more is available) stuppers report weighi
reductions up to 35%. One pound of TERRA—SORB will treat about 10,000 seedlings. Dnzens of state and private

forestry nurseries now use TERRA—SORS to ship hundreds of millions of seedlings each year. \@



Industrial Services Internationa!, inc,

TELEX 89—8388 (AEMPOWE R/WHEN
P.0.Box 10834 = Bradenton, Fiorida 33507 U.S.A.  «  Phape (813) 792-7778

Product Bulletin (2)
TERRA--SORB IN TRANSPLANTING

TERRA—-SORB can be used to help decrease transplant reccvery time and increase survival. Everything that

grov:s requires moisture. TERRA—SORB gives the grower CONTROL over moistura bevond tha nurser,.

Tests show that FERRA—SORB actually improves root development in transplants. As TERPA--SORB comes in
contac! with water, cach tiny flake of absorbent will sweli to hundreds of times its weigh® holding water in a
“reserveir” for tire new transplant. Whers setting oui B & B, ballad, or containerized trees, shrubs, or other piants,
sprinklec TERRA—SORB into the hole where the balt will be st at the rate of 1 0z. pe! foot of ball diameter. Water or
mud e teasplant in o insure the abserbent is fully expanded. Back fill may be treated with TERRA—SORB at the
raie ot 2.3 02, per cubic foot of fill mix. This treatment will promote the growth and emergence of surfacc feeder rools.

Srall plarts may be trested by dipping the root ball (or bare root) into a get ot TERRA—SORB and water mixed
at the rawe of 4 02. of TERRA-SORB per 5 gallons of water, Also TERRA—-SORB may be used in watering tanks
of nietd transplanting machines, Mix TERRA-SORB at the rate of 1 pound of absorbent to 30 gallons of water.
i starler iertiiizer solution is used, gel the water before adding the fertilizer. TERRA—--SORB will inhibit nutrient
leaching and help hold mcisture around the root ball.

some of the ration's largest landscapers use TERRA—SORE in transplanting. During the kot sumimer of 1989,
TERRA~—SORB was used throughout the country and the results and acceptance of the product nas been very good.
Maay growers ana landscapers will not set transplants without TERRA—SORB.

In vegetable and bedding plant transplants, the approximate cost of application is about $1.00 per thousard.
Finally it should be noted that sandy soils need less TERRA—SORB than soils with high organic levels. Each initial
user of TERRA--SORB is encouraged to set up controlled tests of the ahsorbent to determine the most appro-

priate rate to be used in his operation, For answers to specific quections you may have regarding transplanting
within your operation, contact your TERRA—SORRB distributor.

W



industrizi Services Iinternational, inc.

TELEX 89--8388 (AEMPOWER/WHEN)
P.O.Box 10834 s Bradenton, Florida 33507 U.S.A. & Phone (813) 792-7778

Product Bulletin (3)

TERRA-SORB IN LANDSCAPINGC
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--S0RB during installation

costs little and assures the landscaper of less resets and |abor. 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 boast 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

Broadczst TERRA~SORB into the hoie before setting the ball at the rate of 1-2 oz per foot of ball diareter.
Water or mud the transplant in to insure the absorbent is fully expanded.

Back iiil may be treated with TERRA—SORB at the rate of 2 - 3 oz. per cubic foot of fill material. This treatrnent
will promote the growth and emergence of surface feeder roots.

SOLDING

Broadcast TERRA—SORB before laying sod at the rate of 350 to 750 square feet per pound. In extreme con-
ditions rzike TERRA-—-SORB into the top 3 - 4" of ground at the rate of 1 Ib. 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 Ib. per 50 - 100
Ibs. of seed. Waler 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 AMD HYDROSEEDING
Add TERRA--SORB into holding tanks along with mulch, seed and fertilizer at the rate of 20 io 80 Ibs. per acre

depending on water stress anticipated. At the higher rates TERRA~SORB works as a tacker and binde: to help
control wind and rain erosion. When using fertilizer, add TERRA~SORB before adding tertilizer to holding tank.,

INTERIORSCAPING

Mixing TERRA--SORB into potting media or planter box — at the rate of 2-3 Ibs. per cubic yard — will cut watering
frequencies to one third, giving employees more time to spend on plant insgections and other routine maintenance.

Nt
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Industrial Services International, [nc.

TELEX 598388 (AEMPOWER/WHEN)

PRODUCT BULLETIN (4)
SEED COATINGS

Seed coating with molsture 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 identifird to date include:

—  Providing more uniform and vigorous stands.
—  Improving emergence.

—  Providing a syrergistic means of applying insecticidas, fungicidzs, grovsth promoting her-
mones and other treatment agents to the seed.

--  Increasing the survivability of seedlings.

Tne aoplication of a smali amount of TERRA~SORB results in a remarkable increase in the level of
moisture that will be immediarely availzble to the seed and the emerging piant. When a seed that has
gern coates with TERRA--SCRB is irrigated, the coating swells and expands, providing a “placental”’
ge! around the seed. Up to 95 percent of the moisture contained in the gel is available to the developing
nlant. Resistance ¢o drought is provided by the moisture envelope.

inseciicides, tunoicides, growth promoting hormones and other such materials can be applied to the
sezd along with TERRA—-SQRB. The formation of the ge! layer recuces the tendency of these materials

to !each into the soil, thereby increasing their effectiveness.

SEED COATING DESCRIPTICN

it is impractical to establish any coating procedure that is ideally suited to all seed forms. Rather than
providing 2 specific procedure we have established the following guidalines concerning the coating of
seeds with TERRA--SORB, *

To coat seeds with our special seed coating TERRA—SORB (TS-200G), simply mix one pound of the
TERRA—SORE seed coating material with about one hundred pounds of seed. Since this form of
FERRA--SCRE has been prepared specifically for seed coaling there is no need for tackifiers or other
additives. The coated seed will not stick together, even under high humidity conditions. TERRA—-SORB
200G is free flowing. It will not clog seeding equipment.

Seeds can also be coated with flake or powder forms of TERRA—SORB as follows:
1. Add sead to a clean, dry mixing vessel.
2. )f necessary, add a slight amount of an adhesive materiai such as DuPont Spreader Sticker

(diluted according to label directions for use with seed disinfectants), or water to the seed,
while mixing, to promote adhesion of the TERRA—SORB.

P.O. Box 10834 e Bradenton, Florida 33507 US.A. = Phone (813) 752-7778
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3. Gradually add approximately one pound of TERRA—SORB per one hundred pounds of
seed. Other additives such as fungicides may ba added at this time.

4, Continue mixing until seeds are uniformly ccated, then screen the seed mixturz .0 remove
excess material,

5. Dry the seed and store in a dry, 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 secdlings have been established and are rea .y for transplant, shock can be greatly reducad by
dipping the roots in a dilute TERRA—SORB gel.

Prior to shipping, dip roots in a TERRA—-SORB gel mixture to provide a moisture res2ivoir while in
transit and storage.

COST

— s

The cost of using TERRA-SORB will add approximately five dollars to the cost of one hundred
pounds of seed,

QUESTIONS

We vieicome your questions or comments and expect to hear from you soon,

A



Industrizl Services International, Inc.

TELEX 80—8388 (AEMPOWEH/WHEN)
P.O. Box 10834 = Bradenton, Florida 33507 US.A. = Phon 1813} 792-7778

Product Bulletin (5)
QUESTIONS MOST ASKED ABOUT TERRA—SORB

1. WHAT IS TERRA--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?
TERRA~SORB absorbs over fifty timas as much as peat moss by weight. Over 95% of moisture absorbed
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. TERRA—SORD is insciuble, TERRA--SORE simply absorbs moisture and overcomes gravitational
pull sicring the moisture in plant available form,

4, DOES TERRA-SCRB ALTER pH?
NGO, TERRA—SORB 15 neutral and works aver a pH range of 4 to 14,

5. WHAT IS THE EXPANSION RATE OF TERRA-SORB?
The expension rate is between 25 and 30 times its size in seconds.

6. DOES TERRA-SORB CAUSE OVERWATERING AND ROOT ROT?
NO. TERRA--SORB improves aeration and drainage of the growing media. As TERRA—-SORB particles
expand thav open the soil media by forcing the particles apart, increasing aeration and improving drainage.

7. DOES TERRA-SORB EFFECT THE ION EXCHANGE CAFACITY OF THE MEDIA?
YES. Tests show TERRA—SCRB promotas ionic exchange.

8. HOW LONG DCES TERRA-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 moenths.

9. WHY IS IT THAT LESS TERRA—SOHRB CAN BE USED IN SANDY SOILS?
Gecause the soil particles are lerger and therefore provide more air space, TERRA—-SORB particles can
more fully expand. In sandy scil TERRA—SORB is most efficient.

10. DOES TERRA—-SORB LITERATURE EXPLAIN ALL APPLICATIONS WITHIN THE GROWIN' INDUSTRY'?
NO. The applications of TERRA—SORB are lirmited by the imagination of the user. TERRA—-SORB is
an ahsorbent — the grower best knows where moisture is a problem in a particular situation — TERRA--
SORB gives the grower a COST EFFECTIVE mnanagement tool for the control of moisture in any growing
erivironment.

11. CAN TERRA-SORB BE USED AS A GROWING MEDIA?
YES. TERRA-—-SORB is used as an alternative to agar and in fluid driliing {pregerminated szed gel planting). (I

o
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Industrial Services International, Inc.

TELEX 89-8388 (AEMPOWER/WHEN)
P.O.Box 10834 =« Bradenton, Florida 335607 U.S.A. s Phone (813) 792-7778

Product Bulletin (6)

TERRA-SORB IN THE FORESTRY MARKET

TERRA—-SORB is one of the most cost effective innovations in forestry in y-ais. During the past twenty yeais
much has been done in the industiy to ensure germination and quality of forest seed. idillions of dollars are spent
yearly in the development of better seed and more seedling production. TERRA--SORD has across the board
applications in the production of sezdlings, 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 Ibs. 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 Ib. per 30 - 40
gallons cf 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 Ib. 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 Ib. per
30 - 40 gallons of water, TERRA~SQORB wiil flow through grevity feed systems with no worry of clogging.
TERRA-~SORR will not foul plumbing and is not as messy as clay or other shipping absorbents used today.

Bare roots shipped in standard forestry industry packs using TERRA—SORB as the absorbant 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, because the roct systems are coated with gel, survival will increase.

After all, the bottom line in forestry is SURVIVAL. 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. Sprinkie 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.

o
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TERRA-SORS IN COMBINATION WITH HYDROMULCHING. SODDINC AN. SEEDING

L_ ot ” R : f.an»nﬁx..-t

In hydromulching/hvdroseeding, TERRA-SORB is mixed with the mulch,
water, seed and other additives to promote and speed germination,
increase the uniformity of growth and to aid in minimizing erosion.
In additior, TERRA-SORE improves fluid flow since 1l 4acks as a
lubricant.

2PPLICATION IN HYDROMULCHING

1. Add water mulchk and other materials to the tank as usual.

2. while the tank .s beiny agitated, gradually add the required quantity
of TERRA~ZORY,

3. Aapply hydromalch 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. Water thoroughly.

APPLICATION RATES

Site Condition Rate Per Acre
Flat, moderate rainfall 20 Pounds
Slopes, mouisture stressed 50 Pounds
Steep slopes, dry site 100 Pounds

Application rates should be adjusted to suite site conditions.
'fERRA-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

Copyiight 1983 by Industrial Services International, Inc.
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PRODUCT BULLETIN (4)
TERRA-SORB 200G
SUPER SEED MCISTURIZER
FOR
SEED COATING
Improves germination
Promotes faster growth
Increases yield
Provides more uniform stands

Lubricates planting equipment
Saves time and money

000375 0CO

HOW IT WORKS:

Moisture aksorbing particies in TEKRA-SORB 200G expand as they draw
moisture 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 'misture is readily available to the seedling.

Please note that TERRA-SORB 200G is not a fertilizer.
HOW IT 1% APPLIED:

Simply mix TERRA-SORB 200G powder with dry seed in the ratio of one
pound per hundred pounds of seed. It :s ideal for hopper box
application. Because TERRA-SORB 200G conteains graphite, it
lubricates planting machinery, maximizing planting efficiency.

RESULTS:

Yields with wheat, oats, sunflowers and other food crops have been
increased by 12% to 15%.

Yi=lds W~ith soybeans have increased by ap to 26%.

Mr. Leo Necaise of Dogwood Acres Nursery in Hope Mills, North
Carolina states, "...I used some of the TERRA-SORE 200G product in
sowing some Kentucky 31 Tail Fescue recently. The recsults were
certainly pleasing and more than I expected. The se2d germinated a
lot faster and took hold sconer and grew tailer." He want on to say,
You can rest assured that we'll be using moce of this fine product in
the future. The results certainly justified the low cost invclved."

%

Copyright 1983 by Industrial Services International, Inc.
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TELEX 59-8388 (AEMPOWER/WHEN)
P.O. Box 10834 « 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.S5.8)
COST PER KG.*

NUMBER OF KILOGRAMS TERRA~SORB TERRA-SORB

200G

UP TO 250 8.80 9.99
251 TO 5006 " 6.60 8.23
91 TO 1009 5.94 7.57
10901 TC 2590 5.7Q : 7.27
2501 TO 5000 5.42 .98
5001 TO 7500 5.15 6.70
7501 O 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 OgDER EXPORT DOCUMENTATION FEE.
. PRICES F.O.B. LUMBERTON, NC, U.S.A.
IRREVOCABLE CONFIRMED LETTER OF CREDIT BY U.S5. BANK.
PRICES SUBJECT TO CHANGE WITHOUT NOTICE. FLEASE CONFIRM
PRICES PRIOR TO ORDERING.
IF YOU REQUIRE PROFORMA INVOICES PLEASE TELEX 89-8388

(AEMPOWER/WHEN) .
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TELEX 89--8388 (AEMPOWER/WHEN)
P.C. Box 10834 = Bradenton, Florida 33507 US.A. = Phone (813) 792-7778

TERRA-SORB SPECIFICATION GUIDE FOR LANDSCAPE ARCHITECTS

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 2 112 1 «56 .42 .28
5 gallon 21/2 13/4 11/4 .10 .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 throuchout the pit or amend backfill.
Plant and water-in thoroughly.
/

II. SODDING, GRASSING AND HYDROMULCHING

POUNDS PER 1000 SQ.FT. COST (1) PER 5Q.YD.
Sodding, Seeding
& Hydromulching 3 112 172 .12 .06 .02
METHOD

Broadcast before sodding or seeding, or include in tank
along with mulch in hydromulching.

III. 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. ?)
(continued on back)
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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/1% saline water. 200/115
times dry weight.

1.3 Absorption Rate -~ 80% absorption in 60 seconds -
balance in cne 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



Industrial Services International, Irc,

TELEX 898388 (AEMPOWE R/WHEN)

FORESTRY AND ORNAMENTAL USERS

We have compiled = list of TERRA-SORB users who apply the
material in a dip treatment when 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, Xentucky 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 (Bowaters
International), Chatsworth, GA, 404/334-2422. Has used
TERRA-~SORB since 1981 for all seedlings shipped from the
nursery.

Mr. James d. Hill, Hiwassee Land Company, Calhoun, TN.,
615/356-221L. Has used TERRA~SOR3 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 Sead, 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 1282, Mr. Hobbs stated he would not set
anything without using TERRA-SORB. During the planting season
of 1982 scedlings were field set using TERRA~SORB as a dip
treatment. Although it did not rain for nearly six weexs after
planting, TERRA-SORB treated seedlings survived without
irrigation. Warren County Nursery is the 5lst largest nursery
in the country.

P.O. Box 10834 = Bradenton, Florida 33507 US.A. = [unore (813) 792 7778
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ORNAMENTAL 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 inciudes 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. sShips millions of roses and crepe myrtles
nationwide. Has used TERRA-SORB since 1930.

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.0O. Box 10834
Bradeniton, Florida 33507
Phone (813) 792-7778
Telex B9-8388 (AEMPOWER/WilEN)
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WHAT OTHERS SAY ABOUT TERRA-SORB

"We have been using...TERRA-SORB in planting holes for trees and shrubs
and in establishing ground covers...for four years now..." Lewis
Eber pacher, Landscape Architect, North Texas State University, Denton,
Texas.

", ..TERRA-SORB provides for better germination, iess drying out, and
simply cuts down handling time." Bud Heist, Heistaway Gardens, Conyers
(Atlanta), Georgia

"Wwe found that newly planted seed flats, seed beds, transplanted flowers
and shrubs and all growing plants are well protected with TERRA-SORB. 1In
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
between the ground and the sod that we laid. TERRA-SORB helped minimize
shock to the sod and quickly established a green cover ." Doug Dorough,
President, Dorough Landscaping, Lilburn, Georgia.

"...we have decreased our watering frequency with excellent results.
Until now we have tried everything from hay to mulch, with limited
success. Your product is by far the best thing we have tried." Craig
Nelke, Superintendent, Beth Cemetery, Woodbridge, New Jersey.

"I used...TERRA-SORB 200G recently...results were certainly pleasing and
more than I expected. The seed germinated a lot faster...the results
certainly justify the low cost involved." Leo Necaise, Dogwood Acres
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
the results." Leslie R. Hobbs, President, Warren County Nursery,
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,
and no rain. The trees were not watered for the next eight days. We
were very surprised...that we had not lost a single tree...We now specify
TERRA-SORB in all planting and sod laying..." Bill Miralle, Texan
Landscaping Company, Houston, Texas.

",..where irrigation is a problem, the use of TERRA-SORB is invaluable."
Bret Graves, Hydro Lawns, Inc., Dallas, Texas.

nwe used TERRA-SORB in our 4-inch Poinsettias last season and were very
pleased with the results." Dirk Hazeleger, President, Alpharetta
Greenhouse, Alpharetta, Georgia.

P.O. Box 10834 = Bradenion, Florida 33507 US.A. = Phone (813) 792-7778
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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 (turt 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. O. 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
Enumclaw, WA

U.S. Forest Service
Greenville, TN

U.S. Forest Service
White Bird, ID

BLM
Coos Bay, OR

Crown-Zellerbach
Joyce, LA

U.S. Forest Service
Priest Lake, ID

State Forestry
North Carolina

State Forestry
Texas

State Forestry
Tennessee

U.S. Forest Service
Albuquerque, NM

U.S. Forest Service
Gasgquet, CA

Tom's Lumber Company
Coos Bay, OR

Super ior Forestry Service
Leslie, AR

U.5. Forest Service
Orleans, CA

Hiwassee Land Company
Chatsworth, GA

U.S. Forest Service
Willow Creek, CA

Camino, CA

St. Regis
Libby, MT

U.S5. Forest Service
Upper Lake, CA

Tom Benedict
McKinleyville, CA

Nekoosa Paper Co.
Port Edwards, WI

State Forestry
Missouri

State Forestry
North Carolina

State Forestry
Kentucky

U.5. Forest Service
Willows, CA

Boise Cascade Corp.
Medford, OR

Oregon State Forestry
The Dalles, OR

Crouch Forestry Services
Wilburton, OK

U.S. Forest Service
Aurora, MN

Hiwassee Land Company
Calhoun, TN
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. 1/
TUE EFFECTLVENESS OF SUPERABSORBENT MATERIALS

FOR MAINTAINING SOUIHERN PINE SEEDLINGS DURING COLD STORAGE

by
2/

Charles R. Venator and John C. Brissette

Abstract.--First year survival and growth of loblolly pine
(Pinus taeda L.) eegdlings packaged with seven different
superabsorbent polymers, and planted within 48 hours or after
30'dayé cold storage, were evaluated on a Mississippi ond Louisiana
site. Differences in survival were significant at the Migsissippi 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.

1/ The use of trade, firm, or corporation names of materials is for the

reader's information and convenience. Such use does not constitute official

endorsement or approval by the U.S., Department of Agriculture of any product
wr service Lo the exclusion of others that may be suitable.

2/ Autliors. are Research Plant Physiclogisc, Syuthern Forest Experiment
Sration, lincville, Louisiana and Nursery and Tree Improvement Specialist,

State and Private Forestry, Jackson, Mlssissippl, respectively.
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INTRODUCTION

Successful establishment and good early growth of outplanted seedlings are
fuportuut elements in any reforestiiion program. The increasing use of
senetically 1mgrovéd southern pine seedlings and high site preparation costs
make planting succc;s even moré imporant. It is essential, then, that seedlings
begln root regencration and height growth as quickly as possible.

The method of suedliéé packiné and storage following lifting is
likely to influence the survival and growth of pine seedlings. Many southern -
nurscries pack seedlings in Krafc-polyethylene bags. Just before the bags are
scaled, many nurserymen spray the seedling roots with a kaolin clay slurry to
help maintain a moist root surface and provlide protection from exposure. This
process is felt to be superior to the Forest Service bale which has been used
for muny 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 Eaﬁable of absorbing
up to 300 times its weight in wacter. Since cthis product (commounly called
superabsorbents) hus been in the public domain, it has been testcd for
several uses in agriculcure and related disciplines. Among the potentilal
nEes e secd couctings, soil cmendments, rooting media, and root coatings to
retard drying (Doane and Mayberry 1979, Copley 1980).

Supcrabsorbents ara used at some forust tree nurseries as a root
“coating to prevent drying. However, the effects of superabsorbents on Seudi;ng
survival and growth have not been reported in detail. In a Norch Carolina
study, scedlings dipped in s superabsorbent immediately prior to outplanting

did nof survive as well as seedlings dipped in water or clay slurry (Goodwin

1982).

W
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Superabsorbents are produced in several formulations by various
manufacturers., Differences among superabsorbents are primurily in the base
material and in their texture. Finer textured materials generally have
preater water holding capacity.

The objucgive of this study was to examine the effects of several
different superabsorbents used in éeedling packaging on survival and growth

after a period of cold stéfage.

MATERIALS AND METMODS
In wid-January 1981, seven water absorbing substrates were mixed at
the W. W. Ashe Nursery in Mississippi according to the instructions supplied
Ly their respective manufacturers. The superabsorbents used were of various
textures from a coarse, sawdust-like material to a flour-like powder. Five of
the ubsorbenLQ were starch based, two were synthetic based. Bundles of 50
loblolly pine (Pinus taeda L.) seedlings were collected from a single seed lot

that had becn processed normally on a grading table. Seedlings were graded to

*

Wakeley's grades 1 and 2. These seedlings were then hand dipped into oune of
the water absurbing substrates and packed inside a Kraft-polyethylene bag.

As a cuntrol, praded seedlings operationally sprayed with clay slurry and

RN

tien bapped were used.  Separate groups of treatments were planted within 48
hours alter lif&lng at sandy loam sites cn Erambert Seed Orchard in Brouklyn,
Mississippi und the J. K, Johnson Tract of ghe Palustris Experimenéal Forest

in central Louisiana. In addition, two groups of treatwents were.pagkaged

andd stored at 340F for 30 days prior to outplanting at the same planting sites.
The seedlings were planted in four completv blocks of randomized row plots.
Each plot consisted of 50 seedlinés spaced two feet within the row. The

individuul rows were alsu spaced at two feet. The seedlings were hand planted

using dibbles.

N\
. 5



RESULTS AND DISCUSSION

Survival

Differences in first year survival among treatments were statistically
sipgnificant at the Mississippi planting site but not in Louisiana. At the
Johnson Tract in ﬁouisiana, the trend was for better survival among seedlings
packed with some of the superabsorbents (table 1). With no storage, the
best survival was dbservéa 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 resulcts as
indicated by the very high standard errors assoclated with the treatment
means. The sawe problem was observed for seedlings stored 30 days. Terra-
Sorb 200, 20L, 250, and Water~Lock B-100 had high survival rates and relatively
low standard errors of the means. The remaining treatments had high standard
errors associated with their means,

At the Erambert Seed Orchard site in'Mississippi, éeédiinga treated
with Terra-Sorb 1000, ES 148 20 mesh, and Water-Lock B-100 had significantly
hetter survival, regardless if stored or planted witliin 48 hours (tuble 2).
Clay ¢lurry, Terra=Sorb 200, and Terra-Sorb 201 treatments gave the poorest
‘»nrinnJ, with signiilcant reductions in survival of seedlings stored 30
duys veruus those planted within 48 hours. Survival of seedlings trecatued

with Te=ra=Sorb 250 was better after 30-day storage than without storapce.

\W
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That statistically significant differences were detected among
treatments planted i; Mississippi but not in Louisigna can be attributed to
differences in variation of survival at the two sites. The standard error
of the mean of each treatments was much lower for the Mississippi planting
than the Louisiana, planting. High varisbility of the standard errors
reficcts a wider range !n percent survival among individuai plots of each
. treawment, and consequently a lack of statistical significunce among the means
6f the Louisiana data.

At the Louisiana site, poor survival was often associated with individusl
row plots. This is illustrated by the plot survival data for Terra-Sorb 1000
stored 30 days. This was the best treatment in Mississippl averaging 94.5
percent survival, but in Louisiana the'd plots had 82, 96, 86 and 6 percent
survlival, respectively. Other treatments showed similar trends which raise

suspleion that sowe factor other than drought stress, perhaps planting

technique, was responsible for low survival of individual plots.



lefpht Growth

There were no statistically significant differences in first year
total height among the treatments planted at each site, whether the seed-
lings were planted within 48 hours or stored for 30 days. 'Mgﬁn heights of
treatments xanégd from 19.2 cm to 25.9 cm at the Louisiana planting site
(cuble 3). "Scedling planted without atérage averaged oﬁly 0.4 cm taller
than those planted after 30 days storage. At the Mississippl planting
site, treatment means rangéd from 25.4 ecm to 31.7 cm tall (table 4). The
mean of seedlings planted wikhin 48 hours was 1.1 cn greater than the mean
heipht of scedlings planted after 30 Jnys storage. Better height growth
was expected from seedlings planted at the Mississippl site as it is more

productive than the Loulsiana site used in this study.

CONCLUSIONS

''he survival results of this study indicate that some superabsorbents are
effccﬂive root packing media for maintaining bare-root seedlings, either for promp:.
plaunting or for holding in cold storage up to 30 days storage. Thuse super-
absorbents chat were best were the finer textured materials which apparently
nave greater water holding capacity.

Bused on one yecar results, superabsorbents do not appear to offer any growth
alvantapes over treatment with clay slurry. However, there do not appear to
Le any negative cffecte of superabsorbents on seedling growth either. At

least three southern forest tree nurseries have converted their pine sgcd]lng puck..
ﬂpurulions from kaolln cluy slurry to a supurabsorbcnt without any fepnrfcd
nepative cffeces.

0f course, seediings packgd in Krgf;épolyethylene bags with superabsorbents,

as with clay slurry, must be kept in cold storage between 1/2°C and 5° C unti)

they are planted.

6 \\X)\
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Although we are unable to specify the best superabgorbent for seed-

-

ling packiuging, we feel that they represent a promising packing material

for bare-root pine seedlings.



Table |.--Parcent survival of loblolly seedlings root dipped with various water
abuorbunts prior to outplanting in central Louisiana in January and
February 1981. The seedlings were checked for survival in December
198). Fifty seedlings were planted in each plot. Differences among
the means were not statistically significant at the P < 0.05 level,

: Blocks ‘
Treatments : 1 s 2 3 4 e = + S.E.
- —2% survival--
Outplanced within 48 hours
Terra-Sorb 200 86 84 84 82 84.0 + 1.6
Terra-Sorh 201 90 88 78 48 76.0 +19.3
Terrua-Sorb 250 88 78 22 86 68.5 + 31.3
Terra-Sorh 1000 94 12 10 94 52.5 + 47.9
ES 148, fiue 78 62 88 78 76.5 + 10.8
ES 148, 20 mesh 64 90 18 82 63.5 + 32.2
Water-lock =100 86 2 54 42 46.0 + 34.7
Kuolin slurry 72 76 20 28 49.0 + 29.1
Stored for 30 days
Tevra-Surb 200 66 78 84 62° '72.5 +10.2
Terra-Sorb 201 92 92 80 88  88.0 + 5.7
Terra=Sorb 250 68 84 94 90 84,0 + 11.4
Terra-Sorb 1000 82 96 86 6 67.5 + 41.4
ES=148 Jine 18 12 86 38 38.5 + 33.6
ES=-148, 20 uesh 14 72 78 64 57.0 + 29.2
Water-Lock B-100 90 70 60 82 75.5 +13.2
~Kaolin slurry 18 82 90 92 70.5 + 35.3



Table 2.--Percent suvvival of loblolly scedlings root dipped with various water

absorbents prior to outplanting in Mississippi in January and February

1961. "he seedlings were checked for survival inm December 1981.

Fifty

seedlings were planted in each plot. Means and standard errors followed
by different letters are stacistically significant at the P < 0.05 level.

e . e me e w——

Blocks
Clreutments ___ 1 2 3 4 ¥ T S.E.
crmemenme=={ gUrVivial-m=emmmmm———e= —
Outplanted within 48 hours -
Terra~-Sorb 200 82 78 86 80 81.5 + 3.4 cd
Terra=-Sorb 201 80 88 76 78 80.5 + 5.3 cd
Terra-Surb 250 68 82 78 76 76.0 + 5.9 d
Terra=sorh 1000 92 98 88 90 92.0 + 4,3 a
ES 148, fine 84 94 94 92 91,0 + 4.8 ab
E5 148, 20 mesh 88 90 98 94 92,5 + 4.4 8
Water-Lock b-100 80 94 98 90 90.5 + 7.7 ab
Kaolin slurry 72 86 88 90 84.0 4+ 8.2 bc
Stored for 30 days
Terra-Sorb 200 64 46 56 44 52,5 +9.3 ¢
Terra=Sorb 201 58 30 70 52 52.5 + l16.8¢
Terra=sarh 790 76 84 92 . 94 86.5 + 8.2 a
Tera~Sorb 1000 88 92 98 100 94,5 + 5.5 a
LS-l4K, fine 88 82 80 96 86.5 + 7.2 a
£S-148, 20 mesh 94 100 90 94 94,5 + 4.1 a
Water-lock B-100 90 94 90 90 91.0 + 2.0 a
Raolin sluorry 66 S8 58 86 67.0 +13.2b
9
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Table 3.--Height growth of loblolly pine seedlings which were root
Jdipped with various water absorbents prior to outplanting
{n central Louisiana in January and February 1981. The data
represents the mean height of the survival seedlings from 50
tree plots in December 1981. Differences among the means were
not statistically significant at the P < 0.05 level.

T : Blocks -
Ireatments : 1 2 3 4 % & S.E.
---------- —Heights in cm--=-

vutplanted within 48 hours
Terra-Sorb 200 24.8 26.6 25.8 11.9 24,8 + 2.0
Terra-Sorb 201 27.0 28.1 24,2 24.5 25,9 +1.9
Terra-~Sorb 250 27.6 23.1 18.9 23.8 23.4 + 3.6
Terra-Sorb 1000 27.3 15.5 20.2 26.3 22.3 % 5.5
ES 148, fine 22.8 22.2 26.4 19.8 22.8 % 2.7
ES 148, 20 mesh 23.3  27.7 19.0 24.3 23.6 % 3.6
Water-Lock B-100 18.4 19.0 23.0 20.2 20.2 +2.0
Kaolin. glurry 22.8 23.5 15.1 15.4 19.2 + 4.6

Stored tor 30 days

Terra-Sorb 200 28.5 20.4 24,7 18.9 23.1 + 4.4
Terra-Sorb 201 22.2  24.2 20.9 22.6 22.5%1.4
Terra-Sorh. 250 25.8 22.7 22.5 24.5 23.9 + 1.6
Terra-Sorb 1000 23.1 25.6 23.2 13.0 21.2 + 5.0
1S-148, rine 24 .4 18.0 27.7 16.9 21.8 + 5.2
LES=-t4:, 20 mesh 18.3 18.0 25.0 20.0 20.3 + 3.2
Water-lack B=100 26.0 19.8 2.5 26.8 24.3 % 3.1
Raolin slurry 25.6 19.8 22,6 21.1 22.3 % 2.5
10



Table 4,--Height growth of loblolly pine seedlings which were root dipped
with vuarious water absorbents prior to outplanting in centrul
Mississippl in January and February 1981, The data represents
the mean height of the surviving seedlings from 50 tree pio’s in
December 1981, Differences among the means were not statistically

.significant at the P < 0.05 level.

: Blocks
Treatments : 1 2 3 4 ' x T+ S.E.
’ —— - Height in cm----=—===v=w===--

OQutplanted within 48 hours
Terra=-Sorb 200 28.6 32.9 29.0 29.7 30.1 2.0
Terra-Sorb 201 29.8 29.1 29.9 33.9 30.2+ 2.6
Terra-Sorb 250 24,8 30.2 1.2 32.4 29,7 + 3.4
Terra-Sorb 1000 30.3 28.8 25.9 41.6 31.7 +6.9
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
Water-Lock B-100 30.3 31.1 31.1 3.1 30.9 0.4
Kuolin slurry 25.4 24.9 27.3 25.9 25.9+1.0

Stored for 30 days
Terra-Sorb 200 25.2 29,1 24,0 -31.4 27.4 + 3.4
Terra-Sorb 201 25.2 26.6 24.7 24.9 25.4 +0.9
Terra-Sorb 250 27.6 27.4 28,7 33.1 29.2 % 2.7
Terra=-Sorb 1000 25.8 27.8 30.9 36.6 30.3+4.7
S 14i, fine 24,3 27.1 26,7 37.1 28.8 + 5.7
ES 148, 20 mesh 24.8 9.4, 27.3 29.3 27.7 2.1
Witer-Lock B-100 25.2 29.8 28,6 29.2 28.2 % 2.]
Kaolin slurry 25.7 29.2 30.3 36.4 30.4 4.5

11
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Effects of Terra-Sorb on Water Retention, pH and Nitrogen
Retention of un All Pine Bark Medium

| rvd B, Perry, Jr.
Alabama Agricultural Experiment Station

Department of Hort:culture, Auburn University, AL~ 36849

Nature of Work: Terra-Sorb 200 is a polymer composed of a natural starch

polymer and a synthetic polym:r. It acls in @ medium to ubsorb water
internally very rapidly resul.ing in a swelling of each particle to many
times its opiginal volume. When water is removed from the particle, the
polymer returns to an unswoll :n state until water is introduced again.

Four rates of Terra-Sorb and a control were used on an all pine bark
medium. Four-inch plastic containers were fFilled with unamended pine bark, or
with the pine bark medium plus 1, 2, 3, or 4 pounds of Jerra-Sorb per cubic yard.
Pots were fertilized from one to five times using a 200 ppm N, P, K from a soluble
20-20-20 source. The volume of fertilizer solution for each fertilization was
equivalent to the volume of the container. There were four replications per
treatment in a complete randomized block arrangement .

e wuler retention cftfects of the added gel wos delermined by weight
diffcrences.between pots containing the air dried medium and the weights of the
same pots at field capacity. Pots containing the medium were watered, placed
under mist (2.5 seé./S min.) for 24 hours, watered again and allowed to drain 30
min. before wet weights were determined. The weight of the media without the
added gel was considered the stundard and added amount of water held by the Terra-
Sorb amended media was calculated as a percent increase over this control. The
same pots were watered the second dey, drained 30 min. and percent water hold-
ing capacity again determined. Pots were then fertilizer 1, 2, 3, 4, or 5 times

with 200 ppm N, P, K from a 20-20-20 source. Samples of media at each Terra-Sorb

~14 -



level fertilized one to five times were dried for analysis. Soiuble 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 increésed 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
ana 70 percent (Table 1). Apparently the bark was not at complete moisture
equilibrium on the first day.

The use of Terra-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% with one pound of gel/yd.j, six percent with
two pounds of gel/yd.3 and nine percent with three pounds of.gel/yd.j. 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.B, 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

with increasing amount of gel used up to three pounds/yd.B.

/5=
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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 retenticn in the conteiner. As watering frequency
increases so does the lesching out of soluble nutrients. The use of the gel not
only increases the retention of soluble nutrients but reduces leaching of these
nutrients by reduciﬁg watering intervals.
Referénces
1, 4,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
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Rev. 161(4169):21-23, 66.
2, Bryan, Herbert and G. J. Stout. 1979, Fluid drilling. Am. Veg. Grower 27(5):
27-30. '
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4, Munday, Vivian. 1980. Effects of Terra-Sorb on the water holding capacity of
Metro-Mix 300 and on the germination of Phasealus vulgaris 'Topcrop'. SNA
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5. Still, S. M. 1976. Growth of 'Sunny Mandalay' chrysanthemums in hard-wood
bark amended media ss affected by insolubrized poly (ethylene oxide).
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Table 1. Effect of Terra-Sorb on Pinebark Water
Holding Cepacity in a 4" Pot

N e e e e e S S e e e e P R P R P IO
lst., Day Watering v 2nd Day Watering

Lbs3 GCel per Mean Increese % Increase Mean Increase % Increase

Yd. in g in g
0 11.18 cmeeeea 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 Terra-Sorb Additive to Pinebark Media Soluble Salts 1/

S o ber i A e oW A 4t 1w e . 0 e ettt oo Ot Bl e B e e e e En e G G S8 A e e D M e M S A T v R D P A W A S R S e B S A B S b A G e
e R A e SR e e T e e S e e W G e Y R T T S S e 6 D D P AR G 06 AR AR e S A e e BB AL e e e e B e e R e O e S G P D S e e e e

Lbs3Gel per $olu§ri§ge Reading : Tgtal Nitrggen

Yd, in Millimhos/cm pH % in mix % increase
0 A5 4.7 33 eemcaaee-
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 so0il;2 water extract.
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EFFECT OF TERRA-SORB ON THE WATER HOLDING CAPACITY 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 absorb;ng 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. Iﬁformation

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.
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METHODS AND MATERIALS

Eight treatments were 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 and 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
1.1 kg 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
estﬁblished 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 éach 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 waée; 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.



. TERRA-SORB, formerly distributed as Sorbex, is distributed by INDUSTRIAL
SERVICES INTERNATIONAL, INC., Bradeaton, Florida. Viterra 2, manufactured

by Union Carbide Corp., is another readily available hydrogel. It is marketed

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
2.75 pounds (1.1 kg) pér cubic yard of potting eoil. It would, of course, be
advantageous to both producers and retailers if a margin of safety could be
provided in the event of over- or underwatering containerired plants due to

inadvertant practices or unavoidable environmental cond’tions.

Bearee and McCollum (1) found that Viterfa 2, a similar hydrogel compound,
improved.the available water capacity of both peat-lite and non-composted bark.
In addition, aeration and drainage were improved. Chrysanthemums grown in the
" amended media were of better quality and had longer shelf life than control
plants. Still (4) reported better growth of chrysanthemums in Viterra 2 amended
soil. However, an optimum level was reached beyond which dry wgight decreased.
He suggested that rates lower than those recommended were équally satisfactory.
Gehring (3) found tﬁat hours to wilting increased for bedding plants grown in
media amerded with Viterra 2, Hydrogels have been used in fluid drilling tech-
niques a8 an effective means of planting pregerminated geed (2). There 18

relatively little information on the use of hydrogels in the germination medium.

This experiment wae designed for the purpose of evaluating the effectiveness
of TERRA-SORB, first, in increasing the water holding capacity of the medium,
and second, in decreasing the required frequency of watering. In addition, it
was of interest to compare the germiqntion rate of seeds planted in medium with

or without TERRA-SORB added.



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 incressed by 9 percent, 18 percent, and 36 percent as the rate
of TERRA-SORB 200 incressed (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.wne 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 l). The amount of watér required was reduced .
for the 15 cm container by the addition of TERRA-SORB 200 at the & x rate; however,
higher rates trought no further reduction., There was no improvement in germination.
Water requirements were reduced and germination improved with increasing rates of
TERRA-SORB 200 in the 10 cm containers. The improved germination resulted in af
much higher proportion of small containers with 100% gerﬁ;ﬁation. 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, ﬁost growers have also found
that they are able to realize more dollar 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 consumer dgmand
for less expensive, 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

N
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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 various 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 TﬁRRA—SORB 200, growers germinacring seeds in small containers
might benefit from its use. It would be partiﬁularly important to growers
éeeding directly into small containers intended for sale without transplanting.
The data presented in Table 3 seem to indicate that the k}x rate in Metro-Mix 300
is adequate. However, higher rate§ 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

}s x rate, 1if at all, in larger containers.
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—
Table 1. Average yeight of 10 cm or 15 cm pots of hetro-Mix 300 treated -
with various rates of TERRA-SORB 200 at field capacity and at onset
of wilting of Phaseolus wvulgaris.
Treat- 10 cm 15 cm
ment **
Fje]d capacity Beg. wilt Field capacity Beg. wilt
% Change % Change % Chunge g Change _
Gn  from control* Gm from Control®* Gm  from control* Gm from Control*
Control 341 0 186 0 1147 0 713 0
I x 372 9 186 ¢] 1333 16 713 . 0
1 x 403 18 170.5 -8 1395 22 682 -4
13 x 465 36 155 -16 1581 38 651 -9

*Changes significant at the .05 confidence level.

**Rates of TERRA-SORB200 per cubic yard, 1X = 1.1 Kg (2.42 1bs.).



SNA Nursery Research Journal - Vol. 7, No. 1

Table

2. Average water requirement of Phaseolus vulgaris growing in

10 cm or 15 cm po

rates of TERRA-SORB 200.

tg of Metro-Mix 300 treated with various

Treat- 10 ¢cm 15 ¢cm
mentes
% Change % Change
ml from control*® m] from control

Control 217 0 310 0

X x 136 -37 248 -20

1 x 116 -45 248 -20

1% x 97 -55 248 -20

*Changes significant at the .05 confidence level.

##Rates of TERRA-SORB200 per cubic yard, 1X = 1.1 Kg (2.42 1bs.).



SNA Nursery Research Journal - Vol. 7, No. 1

Table 3. Average percent germination of Phaseolus
vulgarig seeded in 10 cm or 15 cm pots of
metro-Mix 300 trsated with various rates
of* TERRA-SORB 200.

Treatment # _ fO cm 15 cm
Control 48 94

s X 83 88

1 x 83 92
s x 90 92 |

*Rates of TERRA-SORB200 per cubic yard, 1X = l.1 Kg
(2.42 ibs.)
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Inoculation of Citrus in the Field with Visicular Arbuscular

Mycorrhizal Fungi in Floridal**

S. Nemec2

Abstract

The vesicular arbuscular mycorrhizal fungi Glomus etunicatus and G.

mosseae were usced to inoculate citrus by baqding inoculum below seeq in a
seedbed experiment, and by dipping plant roots in inoculum with sticking
agents in aqueous slurries in three field tests. Maximum potential plant
growth was not reached with the highest inoculum level, .40,000 chlamydospores,
in the seedbed test. Seedling plants dipped in slurries of inoculum contain-
ing carboxymethylcellulose, casein or gum arabic grew better than noninocu-
lated controls. Growth of plants dipﬁed in slurries containing G. etunicatus
and four hydrogels was generally significantly better than that of their
respective controls, but all confrols including thé 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.

lThis 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, ¥L, 3280

Acknowledgment: I wish to thank Victor Chew, USDA Statistician for portions
of the statigtical analyses. '



Inoculation of Citrus in the Field with Vesicular Arbusculin
Mycorrhizal Fungi in Florid
5. Nemec
Introduction

A wealth of applied and basic information has been presented on.the
biology of symbiotic vesicular arbuscular (VA) mycorrhizal fungi during the
last decade. Because these fungi confer to the host some resistance to plant
pathogens and significantly benefit tne 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,
an increasing number of studies have becen done in the field with greenhouse-
preinoculated plants or with inoculum added to plots. These field studies
have shown that growth or yield of sweet gum (2), yellow poplar (23), peach
(11), soybean (6, 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
betgé}-zian‘nonlnorulated plants in studies done in South Africa (12),
California (5, 18), Illinois (10), Texas (24), and Florida (16, 22).

In most of these studies, plants or seed were inoculated by adding pot
cultures of inoculum containing spores, sporocarps, infected root fragments,
and extramatrical mycelium to the soil in which the? 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 47 methylcellglose into the row. Other researchers used chlamy-

dospores to inoculate either seed or rooted cuttings (4, 6, 8, 20). Both
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Hattingh and Gerdemann (7) und biem et al. (4) obtainced o prowth responsce by

pelleting seced wiih spores using methylcellulose and pulyucrylamide gel,
respectively.

Présently, it is not practical to inoculate large-scale rlaitings 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 presenﬁiy unavailable. Furthermore, attempts to concentrate crude inocu-
lum by wet-sieving and sucrose gradient techniques require additional time
and expense;.and most nurserymen do not have greenhouses in which to inoculate
plants prior to planting in the field. Other practical techniques to inocu-
late citrus have been considered. This report describes a root-dip method
that requires minimal quantities of inoculum compared to other methods, and
defines additional parameters of the technique to amend sbil with inoculum.

Materials and Methods
Four field tests were established with citrus seed or seedlings and

iroculum of Glomus go~seae‘(Nicol. & Gerd.) Gerd. & Trappe, and G. etunicatus

Becker and Gerd. In test I, a seedbed was establishad at the USPs Hiawassee
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 zoil containing 0, 500, 1060, 2500,
5000, 10,000, 20,000, and 40,000 chlamydospores of each sﬁecies was applied
in 1.8-m linear replicates for each rate to the réws. Each plot for each
species was a randomized complete block design with four replications per

treatment. The inoculum was covered with some of the soil excavated from the

trenches. About 50 sour orange (Citrus aurantium L.) seeds wvere planted in

each replicate on March 10, 198l1. This plot was fertilized monthly with a

16-0-16 granular fertilizer and growth data were collected on December 1,

1981.
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Roots of greenhouse~grown nonmycorrhizal seedlings were dipped in
slurries of inoculum containing sticking agents and hydrogels in the remain-
ing three tests. In test 11, Cleopatra mandarin (C. reticulata Blanco)
seedlings were dipped in 2000 ml of 1% aqueous carboxymethylcellulose (cMe)
amended with pot culture inoculum containing 4360 chlaﬁydospores of G.
etunicatus, and in a slurry containing 2720 G. mosseae chlamydospores. Thi:
test was set up in a citrus nurzery 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 47 aqueous gum
arabic and 4% casein, each containing pot culture inoculum of 1600 G. mosse:
chlamydospores. Plants were also dipped in 1500 ml water containing 4% gum
arabic or 47 casein 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 froﬁ a selection
or hydrogels which includes ;tarchwbased, synthetic acrylic, and clay-based
products for use in agriculture. Rough lemon (C. iimon L. Blanco) seedling
root systems vere dipped in aquecous suséensions, with and without inoculpm,
containing 0.56% Terra~sorb®, 0.75% Lapdnite®, 0.56% Viterra—2®, and 2.5%
Agra—gel®. Each slurry was made up to a volume of 7560 ml and amended with
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,



extension growth and stem caliper were usually taken, Eftunsiun prowth wus
determined by measuring the length of all the branches and addiné that to wne
height valuc. A noninoculated plant was always used as a control in these
tests, noninoculated plants dipped in the sticking agents were usﬁally used
as controls, and a seedling preinoculated in the greenhouse was used to
determine if iycorrhizal plants were effective in the sites selected., ‘Ex-
periments 1I, II1, and IV were arranged in a randomized complete block design
with four replicates in tests Il and III and three replicates in- test IV.
Six seedlings 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
Height and top weight data for ;our orange seedlings grown from seed

planted in soil amended with inoculum levels of G. etunicatus and G. mosseae

in test 1 were evaluated by regression analysis (Fig. 1). Linear regression Fig.

for height (Fig. 1A) indicated thar the lines for both G. etunicatus and G.
mosseae were parallel, each indicatéd a gradual increase in height as rates .

2
increased. The R values 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. 1.B). The R2 values for top weight were 0.44 for G.

etunicatus and 0.58 for G. mosseae. For G. etunicatus, no inoculum level was

INS)
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reached beyond which no further increase in height or sop weight occurred.
Fo? G. mosseac, 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 orangc seedling growth
was consistently better with G. etunicatus.

In test I1, terminal height of Cleo seedlings root-dipped in a CMC
slurry of G. etunicatus was significantly greater than in noninoculated
seedlingé (Table 1). Seedlings preinoculated in the greenhouse were alsv Table 1
tallef than the control, however, extension growth of inoculated seedlings ifn
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 II1, Cleo seedlings dipped in slurries 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
appeared to be less effective in this regard than gum arabic. Stem diameter
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 tes: IV with four
hydrogel sticking agents (Table 3). Terminal height of rough lemon root-dip- 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

was only statistically significant with Viterra-2. None of the inoculated
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treatments prew sipnificantly better than the noninfected contiol.  Extenuion
prowth of the preinoculated plants was significantly better than ihe non-
inoculated treatments. Stem caliper of inoculated plants in Laponite and
Viterra-2 was superior to these treaﬁments wiﬁhout the fungus. Stem caliper
of preinoculated seedlings was significantly greater than the seedlings in
all other treatments. Infection occurred in plants of all treatmenté of this
experiment (Table 4). Infection based on vesicle and hyphal development and Table 4
percentage of infection were consistently better im the root-dip-inoculated
plants than in thg appropriate contréls. Infection in all of the noninocu-
lated controls indicated that methyl bromide did not completely eradicate
indigenous mycorrhizal fungi.

- At planting, the Hiawassee séedbed soil contained 13 ppm nitrogen (N)
.and 36 ppm phosphorus (P). At the ena of the test, these levels were 10 and
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
end.. The Avon Park site contained 10 ppm N and 60 ppm P at the end of the
test; no soil samplesvwere collected at planting. At the beginning of fhe
1980 Hiawassee Farm test, the soil co;tained 129 ppm P; no séil analysis was
made. at the end of the test.

Discussion
Florida citrug nurserymen have f;r years sown seed outdoors early in the

year in seedbed plantings. To meet the burrowing nematode certification
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

N
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is bascd on original studics by Tucker and Anderson (2%).  Because of the
shortape of available nursery land, many nurserymen huvu-had to reuse secBbed
iand in alternatu years. Re-treating this soil with P has raised the P
content of the plant to levels which can inhibit mycorrhizal fungus infection
in roots. Addition of mycorrhizal fungus inoculum, by banding below seed, in
nursery seedteds has generally failed to increase growth in numerous tests.
(16, 17). However, two tests of this type made at Hiawassee Farm, one in
this study and one in a previous one (16); have proven that this‘inoculation.
technique is effective even in soil with a low to moderate P level. 1In
general, growth of plants inoculated with both Glomus species in this study
progressively increased as inoculum level was increased.

In nursery seedbeds, inoculum banded beneath seed may be ineffective due
to inhibition by high P content in plants (13). Also, the inoculum may not
- survive because of the time interval between application and seed germina-
tion, the inoculum may become parasitized, or it may be killed by pesticides.
The technique of dipping roots in inoculum slurries may eliminate some of the
problems associated with banding inoculum in the soil. The time interval
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
suitable step to use between digging plants from the seedbed and transplant-
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 pregerminated vegetable
seed for moisture retention purposes (1). Casein, gum arabic, and CMC did not
mix uniformly in slurries, and CMC in previous tests (17) at levels of 4.5 to
11% caused stunting and plant death. The inoculum levels uvsed 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 5e 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 1,34D 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 mjc;rrhizal fungi that may have a practical applica-
tion in citrus nursery production. The root-dip technique is especially
valuable since it would allow the nunseryﬁan 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 pregerﬁinated
seed may speed up the inoculation procedure, and methods to inoculate greenhouse-

grown seedlings should be studied, also, in the future.

\/\Qﬂ
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Table 1. Plant growth and {fungus development in roots cof Cleopatra

mandarin seedlings Qip-inoculated in aqueous slurries of carboxy-

methyl-cellulose (CMC) amended with Glomus mosseae and G. etunicatus.

Ferminal Extension

height growth % Roots infected with®

Treatmentsz’y _ (cm) | (cm) Vesicles Hyphae Fungus
cMC + G. étunicagus 105;3* .' 169.3“'3’ 21 - 55 - 56
CMC + G. mosseae ?5.2“'?" 151.8“'5' - - -
cMC | 99,485 190.8%S - - -

G. etunicatus . i

infected control” 108.7+  155.1% 23 77 77
Noninfected control 881 143.8 10 66 66

zOne“Pgrcenﬁ CMC amended with soil inoculum containing 4,360 G.
etunicatus or 2,720 G. mosseae cﬁlémydqspores in 2,000 mllwater.
YTreatment means compared wi;h‘noninfec;ed_contrql by Dunﬁett's'test.
xPercentage infection zvaluated in 100 root pieces/treatment.

wPreinocglat:_edlin a greenhouse.
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Table 2. Plant prowth and {ungus development in roots of Cleopatra

mandarin seedlinygs dip-inoculated in agueous slurries of gum aratic

and cpséin‘amended wiﬁh Glomus mosseae and G. etunicatus.

Terminal -~ Stem Fungus
height caliper infect:ionx
: Tfea£mentsz'y . ' 4 (cm) (mm) (%)
Guﬁ arabic + G. etunicatus 86.8* 11.4* ) 495
Caséin + G. etunicatus 79;£N.S. 10.8“'8' 42N'S'.
Gum.arabic + G. mosseae 91, 7%* 11. 3% 31“'8'
Casein + G. mosseae 82.9“'8‘ 11, 9kwk 71“'8'
G. etunicatus-infected 93, 24 12, gin 73N S
control” |
Noninfected control. 75.9.; 9.8 33

ZFour percéﬁéhguﬁ Af;bic“and casein each amended with soil inoculua
concaining i6061é; mosséée in 2000 ml HZO’ and 1200.§, etunicatus
chlamydosporés.iﬁ 1500 ml water.

YTreatment means compared with noninfected control by Dunnett's

test.
xPercentage infection evaluated in 30 root pieces per replicate{

w .
Preinoculated in a greenhouse.
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Table 3. Growth of rough lemon secdlings dipped in Glomus

etunicatus (G.e.) inocula with and without hydrogel sticking

agents.
Growth parameters*
Terminal Extension Stem
Treatment height growth caliper
(cm) (cm) (cm)

Terra-sorb + G.e. 101.3% 366.0ab l.bbdee
Terra-sorb - G.e. 100.7 262.3"¢ 1.34%¢
Laponite + G.e. 105.5° 322,72%° 1.53
Laponite - G.e. 96.7° 267.0°° 1.37°%€
Viterra-2 + G.e. 102.2° 369.7°P 1.46°%4
Vitecra-2 - G.e. 97.7% 225.7¢ 1.32°
Agra-gel + G.e. 99. 62 346.7abc 1.47bc
Agra-gel - G.e. 103,12 282.7%¢ 1.41Pcde
Noninfected control 107.12 239.7bc 1.44dee
G.e.-infected control® 108.2% 442.3° 1.67°

*Means sharing the same small letter in each column are not

significantly different according to Duncan's Multiple Range

Test at the 57 confidence level.

z . .
Preinoculated in a greenhouse.
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Table 4. Vesicle and hyphal development and percentsic infection

by vesicular arbuscular mycorrhizal fungi in rough iemon roots

dipped in Glomus etunicatus (G.e.) inocula with and without

hydrogel sticking agents.

Infectiony

Treatment Vesicles® 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.@0 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 control® 1.00 1.85 97

zRatings: 0 = no vesicles n~nr hyphae, 1 = 1-50 vesicles or light
hyphal infection, 2 = 51-100 vesicles or moderate hyphal develop-
ment, and 3 = 100 + vesicles or heavy hyphal development. |
Ypercentage infection based on number of 100, l-cm-long fibrods
root pieces infected per treatment.

Xpreinoculated in a greenhouse.
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Fig. 1. Proposed scheme for commer-
cial production of mycorrhizal inocuium.

Mycorrhizal inoculum costs o
* . 13
v Cmt M ' 'h M . , Ys U . 0 g
ftern per-pot yCOIT izae may save
QAML_M . one
anagement salary 7¢ . . ,
S ey & i fertilizer dollars
Potting & inoculation b
Moving pots 2
Pruning 1 o
Spraying ] By Dr. Charies R. Johnson their importance to plant growth and
Watering (drip) 2 snd Dr, John A. Menge their widespread distribution, mycor-
Harvesting . 3 .o rhizae must be considered in m;urépcu
Grinding & P‘lcbl"’l 2 MYCORRHIZAL FUNGI are as-. of plant science and agricul
&“‘."‘7 contro 2 sociated with the roots of nearly all  Mycorrhizal fungi are ({requently
gintenance mother lants. They f bioti . ized into four ior in
cuiture s plants. They form & symbiotic associs-  categorized into msjor groupings:
Plants & seeds 2 tion termed mycorrhizae. Because of ectomycorrhizae, vesicular-ar
Pots—4-inch 7 ‘ (YA) mycorrhizae, cricaceous mycor-
Media 2 rhizae and orchidaceous mycorrhizae.
Fertilizer 3 Or. Charies R. Johnson is in the De-  Ericaccous and orchidaceous mycor-
Pesticides & other partment of Omamental Horticutture, Und-  rhizae are associated with ericuceous
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will not be discussed further. _
Ectomycerrhizae are associated with
numerous conifers and other trees,
such as oak, beech, birch, cucalyptus.
willow__and_popiar, Ectomycorthiza
furgi are Basidiomvecetes {mushrooms
and puflballs) and Ascomycectes (cup
Tung)_and trufffes). 1hey are caarac-
tenzed by a thick fungzl layer, known
as a fungal mantle, which covers the
bost 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 these mycorrhizal types pen-

ctrate the outer regions of roots (corti-
cal cells), but only VA mycorrhizae
penctrate individual cells. Inside bost
slant cells, VA mycorrhizal fungi form
branched structures known as arbus-
cules 2nd ballon-iike structures ‘ermed
vesicles.

Arbuscules are thought to be-the site
of nutriznt transfer between the symbi-
otic partners. VYesicles are likely stor-
age organs that the fungus produces to
store nutrient matenials inside the
plant host. Because a great majonty of
woody landscape species are infected

“5y bencficial VA mycorrhizal fung,
this will be the oniy group of mycorrhi-
zae discussed bejow.

What Taey Do.

VA mvucorrhizae are capzble of im-
nroving erowth of many woody land-
scape plants (10, 11, 12, 21). VA
mycorrhizal fung) stimulate plant ab-
sorption of phosphorus and may be
involved in uptake of other ions (4, 15,
16). Mveorrhizal fung have becn re-
ported (o ynprove water transport (123,
aithough this may simply reflect im-
nroved nutriticnal status of mycorrhi-
zal plants.

There is a2ls0 evidencs that mycor-
riizac provide resistance to plant dis-
case (20). Many scientists feel that YA
nveorrhizal cffects on disease are a
resu of impreved phosphorus nutni-
tion causcy by the increased absorbing
surface conlerrzd by mycorrmzal hy-
phace.

Container production of ornamen-
tats enrninates or sieahcantlv reguces

Nurserymen bave compensated for

the absence ol mycorrhizal Tungi by_

_appining Tuxury amounts of lertilizer

_and water 1o achieve desired growth,

_But high levels of nutrition and irriga-
tion will not alwavs be feasible, be-

cause of limited petroleum available

for_making inorganic fertilizer, high

costs of fertilizer and rigid_restncuons
Qn_water use. In addition, high nutri-
tion and subsequent required pesticide
applications zre being more carefeully
monitored by environmental regulatory
groups. .
Inoculating_contajper-grown plants
with VA myeorrhizal fungi may reduce
the need for current high levels of fer-
_ulizer, water and pesticides, This can
be done, and it has some cconomic
advantages.

Inoculum Production

Commercial producticn of VA my-
corrhizal inoculum is being attempted
at only a few places tn the country.
Currendy, the onlv way to produce
sultaole quantities of inoculum 1s on
toots of susceptiblc: host plants, With
the proper saleguards, mycorrhizal in-
oculumn that is free of plant pathogens
can be produced in commercial green-
houses.

Menge et al (13) proposed 2 scheme
for producisg _inocuium as shown in
Fig. 1. The inoculum 1s produced 1n ot

cultures of selected hosts that bave no

oot diseases in common with the host

plapt jor which the inoculum is in-

populations of /A mveorrinzal fung,

Most media cornponents—such as pine

~bark. vermuculite, perhite, builder’s

sand and c=al mosses—are_devord of

mycorraizal fungy. In additon, manv

£

LAUrserymen sisam, pasteurize of caems-
icaliy :r=2l media to eradicate barmiu]
pathogens: tais aiso ¢liminates benes-
clai_oraanisme, Such a5 mycorrnizal

fung:.

Jlended. For example, inoculum for cit-
rus could be produced on Sudan grass

but never on citrus,
Precaurions must be taken to ensure

the inoculum is free of nematodes,
insects and harmful pathogens. Nemec

(18) tested 3 number of fungicides that
are_ compatible with producing mycor-
rhizaf Tungi. :

Cost cstimates of inoculum produc-
tion can be generated using current
greenhouse business analyses. A rea-
sonably accurate cost esumate of my-

corrhizal production, including technt-

cal labor and quality control, is approx-
imately 84.3¢ for a four-inch container
of YA mycorrhizal inoculum (Fig. 2).
This would be enough to inoculate
approximately 50 to 60 gallon contain-
ers.

A mecthod similar to the one outlined
above is being developed in England
for large-scale commerciai use (7). [n
this method, plants are grown in peat
blocks that are standing in a shallow
autrient-flow culture. After VA my-
corrhizal spores are produced in the
peat blocks, the blocks are ground up
for inoculation.

American Nurseryman
January 15, 1982

Inoculating Woody Landscape Planes

A number of methods have been
used to inoculate plants with VA my-
corrhizal fungi in greenhouse and nur-
sery trials. Inoculation can be done
when potting rocted cuttings into liner
or gallon containers by placing five to
cight grams of soil inoculum directly
beneath roots of the cuttings, Phospho-
rus levels must be kept low (less than
34 parts per million for citrus) during
all phases of plant growth, and other
putrients should. be kept low for the
first six to nine weeks of mycorrhizal
infection.

Infection bas also been accome-,
plished by inoculating plants during
propagation, shortly after root imitia--
tion, using mycorrhizal spores or soil
inoculum, The greatest succest with.
infection and subsequent growth re-
sponse has been realized. from early
spring to summer.

Various methods have been used.
succzssfully to inoculate feld-growm:
plants, including layering the inoculum
under seed and banding the inoculum
along plant rows (8). Commercial ap-
plications of mycorrhizal inoculuzn us-
ing fertilizer banding machinery were
sLcessfully carried out in a California
citrus nursery (2). Some success has
been achieved byycneuBg seeds with

u;ocujum +6) and by inoculau'ng seed:

Growth and Economic Beuefits

Because VA mycorrhizal fungi oc
cur on a wide varicty of woody plan
species and improve growth of thes:
plants, the potential of these fungi a-
commercia! “biotic fertilizers” is enor
mous, '

Rescarchers have shown that wood:
landscape plarts in containers grov

about as well with low to moderat
nitrogen and potassium fertilizatio:
plus mycorrhizal inoculation as theyd
with luxury fertilization (10).

Benefits of these fungi on imponar
tree [ruits, such as citrus (13), avosa.
(14) and peaches (11), bas prompt
inquiries and demand for inoculum
improve plant growth.

Fentilization currently constitu!
two to four percent of the cash nurse
production expenses (5). This will &
tinue 1o rapidly escalate.
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With inoculation, thc expense of
op— -
phosphorus lertilizayon couid ©c re-
duced by approximateiy 70 percent.
~Current levels ol aitrogen, potassium
and microntlricnts could be reduced

“By 30 to 20 percent.
This potenually could recuce fertil-
izer expenditures by 33.4 pereent, for
savings of approximately $26.67 per
1,000 gallon containers annually for
woody plants under 2 ¥ el foruliza-
tion program (Fig. 3).
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USE OF A WATER ABSORBENT POLYMER IN TOBACCO
SEEDLING PRODUCTION AND TRANSPLANTING'

By JAMES L. HAMILTON and R.H. LOWE?

The use of a water absorbent polymer (WAP) to aid 1n the production of
burle ¢ tobacco transplants and to increase the survival of transpiants was
investigated. WAP held water in cuntact with the sond, and improved the
rate and uniformity of germination in a leached &oil. This eflect of WAP
was destroyed by fertilizer salls. A slurry ot WAP and water at a root dip
maintained roots in a mois! 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 gerininate.
Tobacco seed are generally sown without cover on the surface of
the s3il. If environmental conditions czuse the soil surface to
dry before the root penetrates the soil, the seedling may die even
if there is adequate moisture below the soil surface. *‘Super
JJurper' (ss), a water absorbent polymer (WAP) (1), can absorb
2.8 nmes 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
maintaining turgidity of transplants. Application of WAP 0 a
plant bed may reduce watering requirements and minimize dry-
ing of the soil surface. Proper management requires frequent

'Contnbution of the Agricultural Research, Science and Education Administration,
U.S. Depariment o! Agricuilure, and the Agricultural Experiment Station, University
of Kentucky. Publication Number 80-3-108.

*piant Physiologists, SEA, USDA, AR, Agronamy Deprriment, University ol Kentuchy,
Lexinglon, Kenfuchy 40546.

Contribution received Sept. 0, 1980. Tob, Sci. XXVI: 17:20, 19€2.

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.

MATERIALS AND METHODS

Soil treatment at seeding: An area in a greenhouse soil = d
120 em wide and 210 cm long was divided into 28 squares, 30 cm
to the side, making 4 series of 7 plots long. A WAP® was ran-
Joraly applied at rates of 0, 0.5, 1.0, 2.0, 5.0, 10 and 20 g per
Y0 cm?, 10 each series. These rates are approximately equiva-
lentio 1, 2, 4, 10, 20 and 40 Ibs per 9 fi by 100 ft tobacco bed.
Approximately 90 seed per 900 cm? were broadcast on each
square.

Method of WAP application differed with each series. In
series !, 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 siurpar irom Large Blender Run No. 8, provided by Dr. Georpe F. Fanta, Careal
Products Laboratory, Northe/n Regional Reses/ch Center, Peoria, iilinols.



After the combined seeding and treatraent operation, the plots
were watered, then covered with tobacco canvas. No additional
water was applied for 7 days. Plant stands were determined )}
days after seeding.

Effecis of soil, fertilizer and salts on waier retention of WAP:
Weight of distilled water retained by 0.2 g of WAP alone or
combined with 20 g soil, 20 g leached soil, 20 g leached soil plus
1 g of 6-12-8 fertilizer, 1 g Ca(NO,);, 1I"g Ca(H,PO.)y, 1 g
KNO; or 1 g of KH;PO, 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 a Maury silt loam.

Plant treatment ar iransplanting: In the first year of tests,
roots of burley tobacco, cultjvar Ky 14, and of flue-cured,
cultivar 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 planis placed in a container to take to
the field. Nontreated plants were pulled and kept the same way.
The planis 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
with each plant a1 transplanting.

In the second year of tests, only burley tobacco, cultivar Ky
14, was used since no difference between tobacco classes was
observed in the first year. Plants were pulled and dipped into a
gel of WAP, the same as the first year, then wrapped in burlap
and stored in a barn until transplanted. Nontreated plants were
pulied and kept the saine way. Plants were transplanted 1, 6,
and 24 hr after pulling with a commercial tobacco transplanter
into 2-row plots, each 30 m long, in triplicate. Approximately
200 m! of water was applied with each plant at transplanting in
one of the rows. No water was used at transplanting in the other
row. The number of dead and severely willed plants were
counted one week after transplanting,

RESULTS AND DISCUSSION

Soil reatment ai seeding: WAP treatments of 1-2g per 900 cm’
(2-4 Ibs per 1C0 sq. yd. bed) increased the percent germination
of tobacco seeds for each method of application (Table 1).
However, the | g rate was as effective as the 2 g rate when soil
was 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 was poor with the 20 g per $00 cm? treatment, un-
doubtedly becausc the gel exceeded 2 cm thick ai the time of the
ii.al watering. Mixing the seed, WAP, and soil made it easier

Table 1. Eflects of a walor absorbent polymer (WAP) and method ol
applicalion on percent germination.

WAP Hethods of Application
§/700 v’ _TAP on ruriace WAV + 25 g soil  WAP % 300 & weil  Avg
0 3 41 36 3
6.5 7 w“* 86 78*
1 79 98 98 91
2 52 97 100 96
3 72 80 9 82
10 M 1 88 52
20 19 20 39 26

'b-mgod corner plot; nu. included in avg,

L.5.D. (0.0%) of the mean » 11,6

10 get the seed and WAP uniformly distributed over the bed,
When more than 2 g of 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 omitied.

Subsequent field tests failed 10 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
s0il), which had leached the soil surface. When | g of a 6-12-8
fertilizer was added 10 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 jon decreased the
water-holding capacity more than the monovalent potassium
ion. Anions did not seem 10 affect water retention of WAP, The
hydrophilic polymer of WAP is an anionic starch derivative that
absorbs and retains the dipolar water molecule. The aifinity 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 soll, fertilizer and salts on waterholding capacity
OF WAP.

Basic Hater retention
treatment Added component g/ WAP
200 ml water 0 g Soil 925
plus 0.2 g WAP
20 g Soil 110
20 g Laached Soil 600
20 g Leached Soil + 1 g 75
Fertilizer (6-12-8)
1 g Ca(N0Oy), 15
1lg Cl(HZEOa)z-Hzo 20
1 g XNO 95
lg xnzgoa 100

Development of a mechanized transplanting operation is
inhibited by lack of uniformity in seedling spacing and growth
(3). WAP could be useful yor such development as adhesive
properties would keep spaced seeds in place and water retention
characteristics ‘vould assure adequate moisture for germination.
However, WAP would be useful in such application only if the
soil was initially leached and if fertilizalion was accomplished
after germination, .

Plant treatment during transplanting: The first year of the test
95% of the plants dipped into a WAP gel survived, while only
65% of the nondipped plants survived. There were no differences
between the two classes of 10bacco. After 3 days, only the bud
and statk remained of the nontreated plants which did survive,
while the WAP.1reated plants retained most of their plant bed
leaves (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. Afier the check plants had started to grow
(about 2 weeks afier transplanting), both the treated and non-
treated plants were dug up and the roots washed free of sail 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 during
the first year caused poor survival of nontreated plants. Many
farmers in the area who transplanted during this period had sim-
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Table 3. The effects of WAP and water on 1obacco iransplant survival one
week alter transpiantiing.

Tin-l-/ With vater Without vater
No WAP With WAP No WAP With WAP
Percent survival *
1 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
Percant dead and severely wilted
1 bhr 4 2 17 ?
6 hr 30 14 58, 32
24 hr ao* 23 87 70

1/14ne betveen end of pulling and start of transplanting.

.Severely wilted plants were discardsed before transplanting.

after transplanting, there was a big advaniage for using WAP
when transplanting was delayed more than | hr after pulling.
Dipping plant roots into a WAP gel at the time of pulling

protects the roots irom arying. These roots appear 10 continue
10 function and grow, thus they are able to get more water from
the soil which reduces the amount of wilting and increases the
number of plants that survive, DeRoo (4) studied the survival of
tobacco transplants izeated with decenylsuccinic acid and its
monoglyceryl ester. These compounds have been shown lo
reduce trunpiration. 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 plani uniformity early in
the season are generally associated with higher vields.

LITERATURE CITED

1. Anonymous. Super slurper, compound with a super thirst. Agri-
cultural Research, June 1975.

2. Collins, W. K., S. N, Hawks, Jr, and B, U, Kittrell. Yield
response of flue-cured tobacco to an anti-transpirant applied to trans-
plants, Tob. Sci. 13:70.

3. Cundiff, J. S. Precision seeding of tohacco plant beds. Tob. Sci.
21:5-6. 1977,
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Substituting Starch Based Absurbents For Peat

Philip G. Gibson and Carl E. Whitcomb }

Objectives: To determine 1) if peat can be replaced in a so0il mix by
TERRA-SORB 200 or 201 without restricting plant growth and 2) if elemental
sulfur Influences its performance.

Peat moss is probably the most expensive ingredient in most soil mixes.

It provides acration, 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

save the nurseryman money and maybe save water. Also, & better quality
crop may be the net result, Therefore, the use of TERRA-SOR3 200 and
'ERRA-SORB 201 as a soil additive, instead of peat, seems appropriate

to investipate.

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
absorb 20 to 25 gallons of water or about 50 times as much moisture as peat.
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

size thus the expansion could provide increased soil aeraticn.

The addition of these absorbents to a container growing medium could
shorten transplant recovery, quicken rost system development and turn
inventories faster. Thus, the need for research on levels of absorbent
and relative media systems.

Methods: Treatments were 0, 1, 2, 4 pounds/cu. yd. of TERRA-SORB 200 or
TERRA-SORB 201 added to a growing medium of 3 parts bark and 1 part sand.
A growing medium of 3 parts bark, 1 part peat and 1 part sand was used
as a control. Sulfur was added to half of each of the treatments at a
rate .of 6 pounds/cu. yd. to test its effect on biodegradation of the

starches.

All growing medis received a standard rate of 14 pounds/cu. yd. of
osmocote 18-5-11, 1.5 pounds/cu. yd. of Micromax, 1.5 pounds/cu. yd. of
super phosphate, 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
planted in one gallon white poly bags. Each replication nsisting of
cuttings approximately the same size and vigor. On June 12, 1980, 108
lacebark elm (Ulmus parvifolia) seedlings were planted in two gallon
white poly bags. Fach replication consisting of seedlings approximately
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 lucebark elm treoes were evaluated by height and
stun callper. On October 30, 1980, the junipers were evaluated by top
and root weight and the number of branches developed.

Results:; The sulfur treatment proved to be consistently and significantly

detrimental in all cases and is thrrgfore omitted from the evaluation.

lacebark elm svedllings prew as well in the mixture with 3 parts bark,

.1 part sand und all rates of TE.RA-SORB 200 or 20l/cu. yd. as did the

bark-peat=-sund control (Table !). The elm trees were able to utilize
the water held even at the 4 1lb. rate of either TERRA-SORB product.

The junipers grew as well in the TERRA-SORB 200 and 201 at the 2 1bs./cu.

yd. rate as the bark-peat-sand control (Table 1). lowever, the 4 1lbs./cu.
yd. rate of either product was too wet for the junipers and some showed

root growth restriction. The 2 1b. 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. 1Its performance
on a wider variety of species and with a variety of fertilizers should be
studied,

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. 20! 1lbs./cu,yd.

Species Mecasurcment Control Control 1 2 4 1 2 4
Elm helght (cem) 73b 7lb 73b 72b 71b 70b 76b 72b
?53?.culipcr .94a 84a .89a .88a .97a 85, .89n .96a
Juniper root welght (g) 47ab 47ab &Oub b'b 3ﬂu ;Su 44ab 34a
top welpght (g) 35b 30a 34ab Jbb 31ub 29a 34ab ZBa
! branches/plant 6b 5a 5a 6b Sa bB 6P 5a

o
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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 l.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 beneficially 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 plaaned 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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Provided by: U.S. Army
Corps of kEngincuers

. PART 1 - THE SCHEDULE
SECTION C - DESCRIPTION/SFECIFICATIONS

SPECIFICATIONS FOR
DECIDUOUS
TREES AND SHRUBS

). General, All treeas and shrubs specified herein shall be first quality
nursery stock grown from ceed. All seedlings shall be bare-root, dormant
accdlings alive and in a healthy growing condition, free of disease, insects,
insect cggs und larvae. Root systews shall be adequate, live damp, fibrous,
und free of rot and wmold. -

2. Dipping and Handling. Precautions shall be made during digging and
handling operations to insure that roots do not dry out. Seedlings shall
be placed io cold storage within 24 hours after digging.

3. Pruning, When pruning of seedlings is neccssary to meet the size

-

requirements, the following shall apply.

a. Roots and trunks k" in dismeter and greater w2y not be pruned.

b. The maximum length that may be pruned from roots is 4".

c. The maximum length that may be pruncd from trunks is 8".

4. Substitutions. Conasideration will be given to bids containing sub-
stitutions. Subatitute species shall meet the same size requirements as
those species they are intended to replace. The Government reserves the
right to refuse bids in vhole or part that have substituted aeedling specles.

5, Standards. All seedlings shall comply with applicable State and Federal

requircments. All necessary quarantine or other certificates shall accompany

thé shipment of seedlings.

Measurements of length of trunks and roots shall be

6. Size Kequircments.
Sizes for seedlings shall be as follows:

wade f{row the root collar.,

Roots - Length &4"-7"
Cnliper &' maximum at root collar

Trunke - Length 8'"-16"
Culiper 1/8"-4"

7. Packaging. Seedlings shall be bundled and tied in groups 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 foot
conditioner and wrapped with "Root Wrap", or equal, non-organic non-woven
moistuie retaining fabric blanket. 7The fabric blanket in each packsge ghall

Cc-1

SOLICITATION NO. DACW62-82-B-0074

L
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be sufficiently moisc. Each package shall bellabeled to show the quantity,
botanica) nanc, common name, and name of the supplier. Each package shall
not excecd 50 pounds in weight. Packaging shall be in accordance with'

EX}H1BIT A, Page C-3.

8. Shippinp., Seedlings shall be delivered on date required by the Covern-
ment, 29 November 198L- Seedlings shall be delivered within 48 hours from
the tiwe that they are shipped from the nursery, or shipped by UPS. Seed-

‘1ings shall be reloaded at the delivery site 1nto a Governmeat provided

storage unit by the shipper.

9. Rejection of Scedlings. Plante damaged in transit or not conforming
to the specifications will be rejected wirhin a three-week period. The
supplying nursery will be notified by telephone and given 48 hours to
inspect the seedlings. After 4B hours have expired, the Government nay
dispose of rejected plants and will not be liable for their payment.
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