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Research project HR-155 was in i t i a t ed  t o  study s o i l  erosion problems 

along the secondary road system i n  Iowa and t o  find a subst i tute  for  straw 

for the control  of s o i l  erosion during the period of seed establishment. 

Accordingly, s i x  f i e ld  research s i t e s  were established t o  t e s t  the a b i l i t y  of 

cormnercial s o i l  conditioners t o  control s o i l  erosion. The s i x  f i e l d  research 

s i t e s  were selected (Figure I )  on the basis  of t e r r a in  and type of s o i l  

material exposed on the cut-slope areas. The s i t e s  are  described i n  Table 1 

according t o  the regions delineated i n  Figure 1. 

Table 1. Location and description of f i e l d  research s i t e s .  

* 
Region Field  Research s i t e  location Soi l  materials exposed 

1 Clayton County south of Farmersburg 

2 Hamilton County 2 miles north of 
Stanhope 

3 Ida County 6 miles south of Ba t t l e  Creek 

4 Van Buren County 4 miles west of 
Lebanon 

5 Poweshiek County 2 miles south of 
Grinnell - Cedar County 3 miles north of Massillon 

loess, g l ac i a l  till, lime- 
stone residuum 

Cary g lac ia l  till 

s i l t y  loess over calcareous 
till 

clayey loess over dense 
clayey g l ac i a l  till 

loess over Kansan g lac ia l  
till 

eolian sand 

* 
Regions a r e  delineated on Figure 1, 

These s i x  s i t e s  cover the more extensively exposed subsoil material  and a l so  

some of the more unfavorable s o i l  materials i n  I w a .  

The materials exposed i n  areas 2 and 8 a r e  principally clay loam glac ia l  till. 

I n  area 2 most of the till material exposed i n  highway construction i s  calcareous. 

I n  area 8 many areas of shallow exposure a r e  noncalcareous but a r e  not strongly 

acid. The Hamilton County s i t e  i s  en t i r e ly  i n  calcareous clay loam till. 
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In  western Iowa there are  large areas  i n  which s i l t y  calcareous loess i s  the 

principal material exposed i n  highway construction. However, i n  deep cuts clay 

loam glac ia l  till, usually calcareous, i s  frequently encountered. The s i t e  i n  

Ida County i n  region 3 i s  representative of these s o i l  conditions and a l so  is 

similar t o  conditions i n  area 7 i n  extreme northwest Iowa. 

The next most extensive exposures a r e  i n  southern Iowa where shallow 

weathered loess over l ies  highly weathered g lac ia l  till. Clay contents i n  t h i s  

region a r e  higher and s o i l  f e r t i l i t y  is  lower than i n  the regions previously 

described. The Van Buren County s i t e  i n  region 4 i s  representative of t h i s  s o i l  

condition. 

I n  northwest Iowa i n  region 1 there a r e  extensive areas where s i l t y  loess 

mantles paleosols that  a r e  formed or  highly weathered limestone and limestone 

residuum. Pockets and lenses of g l ac i a l  till a re  a l so  common i n  many roadside 

cuts.  This combination of s o i l  conditions occurs on the study e i t e  i n  Clayton 

County in  region 1. 

A somewhat similar s e t  of s o i l  conditions occurs on the study s i t e  i n  

Poweshiek County i n  region 5. Here the road cut studied i s  noncalcareous s i l t y  

loess over a moderately weathered paleosol formed on till. 

These 5 study s i t e s  represent most of the range of s o i l  conditions encountered 

on highway backslopes i n  Iowa. There a r e  problems of vegetative extablishment 

on any of these materials but compared t o  problems encountered i n  other s t a t e s ,  

expecially i n  the eastern and southern United States ,  the problems of vegetative 

establishment are  re la t ive ly  minor. Sat isfactory vegetative eatablishment is 

possible on any of these materials.  

One of the more troublesome materials encountered along roads i n  Iowa a re  

scattered sand deposits. These sand deposits present special  problems of erosion 

control and stand establishment and were studied a t  the Cedar County s i t e  i n  region 8. 



-4- 

I n  addition to  the 6 f i e l d  s i t e s ,  a laboratory study was made using the more 

effect ive polyvinyl alcohol (PVA) and polyacrylamide (PAM) chemicals as  s o i l  

conditioners. Results for  the f i e ld  research s i t e s  except the Poweshiek s i t e  

were reported previously and are  attached as  exhibit  A .  The laboratory and 

Poweshiek County r e su l t s  a r e  given i n  exhibit  B.  

The PVA and PAM compounds studied effect ively controlled erosion under 

average Iowa weather conditions during the seeding period where water did not run 

onto the slopes from adjoining f ie lds .  Under extremely high intensi ty  ra ins ,  

erosion w i l l  occur on the t reated areas but erosion w i l l  usually be less  on the 

treated than on the untreated areas. 

The WA and PAM compounds a r e  no more e f fec t ive  than a properly applied 

straw mulch but a r e  eas ie r  t o  apply and i n  some cases such a s  on very steep 

banks the chemical s t ab i l i ze r s  can be used i n  areas where straw can not be 

properly applied. Cost of the PVA materials i s  about $200 per acre. The PAM 

material i s  not avai lable  a t  present. A summary of observations made a t  each 

experiment and erosion control  recommendations by region a r e  given i n  t h i s  report. 

General Observations for  Roadside S tab i l iza t ion  Along the Secondary Road Systems 

For each of the f i e l d  research s i t e s ,  observations were made on seed and 

f e r t i l i z e r  applications,  seedbed preparation, and general slope construction 

practices.  

Seed and F e r t i l i z e r  

Seed and f e r t i l i z a r  applications were made according t o  the S t a t e  Highway 

Commission recommendations and were adequate a t  a l l  experimental s i t e s .  The 

main factor  i s  t o  apply good quali ty seed a t  recommended ra tes  and t o  adequately 

f e r t i l i z e  the area.  
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Seedbed Preparation 

Although no t i l l a g e  experiments were made, it was apparent a t  a l l  f i e l d  

s i t e s  tha t  a good seedbed i s  a necessity.  Ideally the s o i l  should be cul t ivated 

t o  a depth of 4 t o  6 inches bo insure a good mellow seedbed i n  which the roots  

can develop. A t  the Clayton County experiment a ridged-surface seedbed was 

successful because the furows caught and held the seed u n t i l  i t  had germinated. 

The seedbed should not be over t i l led,  since t h i s  causes complete breakdown of 

the s o i l  s t ructure  which resu l t s  i n  puddling of the s o i l  and massive sheet 

erosion. It i s  desireable to  have small clods 1 t o  2 inches i n  diameter t o  

maintain a porous s o i l  surface. 

Poor seedbed preparation i s  a major problem along the secondary road 

systems. Many counties have only disc  and harrow implements t o  prepare the 

seedbed, but a disc  i s  not always adequate. A Rome disc  or larger implements 

my be needed i n  hard and dense s o i l  materials. 

Cut-slope Construction 

Steepness of the cut-slope areas studied varied from 4 : l  slopes a t  the Van 

Buren County s i t e  t o  2:1 slopes a t  the Clayton County s i t e .  The 2 : l  slopes are  

very d i f f i c u l t  t o  work on especially i n  preparing the seedbed. The 2:l  or 2$:1 

slopes were unstable when constructed on approximately 20 feet  of loess overly- 

ing a more impermeable till material. Water i s  commonly perched on top of the 

impermeable till and a plane of f a i l u re  ex i s t s  i n  the loess above the loess- 

till contact. Therefore the 2 : l  and 2$:1 slopes a r e  l ike ly  t o  s l i p  and slump i f  

constructed i n  Regions 1, 5 ,  6 or 7 and precautions must be taken t o  s t ab i l i ze  

these cut-slopes against sl ipping and slumping, It i s  recommended tha t  3: l  or 

gentler cut-slopes be used i n  these regions. 
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Runoff water from upslope farm f ie lds  commonly drained across cut-slope 

areas a t  the experimental s i t e s  and caused severe r i l l  erosion on the cut-slopes. 

This could be prevented by diverting the runoff water from the cut-slope areas ,  

which i s  required for  adequate s o i l  s tab i l iza t ion  by the chemical s o i l  conditioners. 

In  many cases, cuts were made through lkatural drainage-ways without concrete 

chutes or drop i n l e t  s t ructures  which a re  needed t o  control  erosion i n  these 

s i tuat ions .  

Genesal Recommendations 

The following recommendations for  erosion control  a r e  made from the resu l t s  

reported i n  Exhibit B .  The chemical s t ab i l i ze r s ,  polyvinyl alcohol (PVA) and 

polyacrylamide (PAM), a r e  applied with a hydroseeder. Both can be applied with 

the seed and PVA can be applied with both seed and f e r t i l i z e r .  They are  applied 

as  2 percent solutions i n  approximately 1500 gals of waterlac fo r  a 300 lb/ac 

application of the chemical and 1000 gals of water/ac for  a 200 lb/ac application. 

The large quant i t ies  of water add t o  seeding expenses but a r e  a l so  advantageous 

since a more uniform seed application r e su l t s  and the s a l t  e f fec t  of the f e r t i l i z e r s  

i s  great ly  reduced. 

The polyvinyl alcohols as  described i n  exhibit  B were obtained from the 

Dupont Company and the polyacrylamide was obtained from Cosden Chemical Company, 

Big Spring, Texas. 

Recommendations by Regions 

Regions 3, 5,  6,  7 .  

These regions have loess overlying g lac ia l  till. The loess ranges in 

thickness from 6 fee t  i n  Region 7 t o  more than 50 fee t  i n  Region 3. The loess 

materials are  very erodible and require e i ther  chemical or  straw mulch 

s tab i l iza t ion  practices.  According t o  the equations i n  Exhibit B ,  approximately 

300 lbs/ac (336 kg/ha) of PVA or  PAM is required t o  s t ab i l i ze  the loess in  



Regions 3 and 7 and 250 to  300 lbslac i n  Regions 5 and 6 .  These r a t e s  a r e  adequate 

for  any g lac ia l  till material that  i s  exposed i n  these regions. 

In  general, the loess,  which i s  exposed i n  these regions, i s  eas i ly  t i l l e d ,  

but i f  g l ac i a l  t i l l  i s  exposed a Rome d isc  or  other special  equipment may be 

needed t o  adequately prepare a seedbed. 

Region 1 

This region has loess material overlying e i the r  g lac ia l  till or  limestone 

residuum. The loess i n  t h i s  region i s  s tabi l ized with 300 lbslac  WA or  PAM. The 

standard highway seed mixture was adequate i n  t h i s  region, however, very few 

legumes were established on the limestone residuum. This s o i l  material  a t  the 

Clayton County s i t e  was completely covered with the grasses i n  the seed mixture. 

The limestone residuum, unlike the loess ,  was r e s i s t an t  t o  water erosion,  but 

required special  equipment for seedbed preparation. 

Region 4 

Materials i n  t h i s  region are  high i n  clay,  acid a t  the surface, dense and 

hard t o  till. Approximately 6-9 fee t  of clayey weathered, loess over l ies  a dense, 

gray, clayey gumbotil material. Because of the high clay content 100 lbslac  of 

PAM and 200 lbslac  of PVA w i l l  s t ab i l i ze  these materials against s o i l  erosion. 

Good seedbed preparation i s  the major problem i n  t h i s  region due t o  the 

high clay and dense s o i l  material. A s c a r i f i e r  was used t o  break the dense, gray 

gumbotil a t  the Van Buren County s i t e .  This gave a cloddy but loose seedbed. The 

clods broke down with subsequent ra ins  and covered the seed, which resulted i n  

a complete vegetative cover on the exposed subsoil materials. After  three years 

of growth, the subsoil materials have a s  good a s  or be t t e r  cover than areas where 

the topsoil  was put back on the cut-slopes. The more neutral  subsoil areas have 

equal growth of grasses and legumes while areas where the acid topsoi l  was replaced 

have l i t t l e  legume growth. 



A lime experiment was a l so  conducted a t  the Van Buren County s i t e ,  but 

l i t t l e  difference was detected between the limed and unlimed plots .  The limed 

areas appear t o  have more legume growth but the difference Bs negligible,  there- 

fore the application of lime i s  not necessary, especially i f  the topsoi l  is not 

replaced since subsoil materials below 4 fee t  approach a neutral  pH. 

Re~ions 2 and 8 

Cut-slopes i n  these regions expose g lac ia l  till materials,  Cary till i n  

region 2 and eroded Kansan till i n  Region 8. These regions have re la t ive ly  

low r e l i e f  a s  compared t o  the other regions, therefore cut-slopes a r e  usually 

small i n  extent and a r e  not severe and revegetation i s  simpler if the seedbed 

i s  adequately prepared and the s o i l  materials a r e  s tabi l ized against  s o i l  

erosion. Approximately 200 t o  300 lbs/ac of PVA or  PAM w i l l  s t ab i l i ze  these 

so i l  materials. 

Sandy Soi ls  

The Cedar Counlry experiment was located on eolian sand materials along the 

Wapsipinicon River. Because of the severity of the seed environment, a straw mulch 

was used t o  lower surface temperatures and conserve s o i l  moisture. The seed 

should be cultipacked into  the s o i l  before mulching with straw. The chemical 

s t ab i l i ze r s  were not tested on sandy s o i l  since they do not function well on 

materials of low clay content. 

It i s  extremely important t ha t  runoff from upAlope areas be diverted 

from the sandy cut-slopes t o  avoid severe r i l l  and gully erosion. I n  many 

cases special precautions a r e  needed t o  control runoff water from the road 

surface in order t o  prevent severe erosion of the f i l l - s lope .  



Sumvary 

1. Soi l  erosion during the period of seedling establishment can be controlled on 

most cut-slopes along Iowa highways with 200 t o  300 lbslacre of the W A  and 

PAM chemical mulches during a season of average or l ess  intensive r a i n f a l l .  

During periods of extremely high in tens i ty  r a i n f a l l  the PVA and PAM chemicals 

w i l l  usually lessen erosion damage. 

2. Seedling growth i s  usually more rapid and more uniform on treated than i n  

untreated areas.  

3. The chemicals (PVA and PAM) a re  inadequate for  erosion control  on areas  where 

runoff from upslope areas runs across the cut-slopes. 

4. Adequate f e r t i l i z a t i o n ,  good seedbed preparation and timely operations a r e  

essen t ia l  fo r  the success of any seedings. 

5. Slopes of greater  than 3 : l  are  undesireable i n  any region but a r e  extra  

troublesome i n  areas where an impermeable layer i s  exposed i n  the  cut. I n  

such areas  s l ides  commonly develop regardless of the success or  f a i l u r e  of 

the seeding. 

6. I n  Van Buren County where the road cut was i n  very dense gumbotil, replacing 

the s i l t  loam surface on the back slope did not r e su l t  i n  improve vegetative 

growth. Satisfactory vegetative cover was obtained both i n  the  areas with 

and without surface so i l .  

7. A t  the Van Buren County s i t e  liming did not measureably e f f ec t  plant growth. 

It i s  possible that  a l l  lime needs of plants was supplied i n  road dust  from 

the graveled road. 

8. The chemicals PVA and PAM a re  not recommended on sands. 

9.  With proper cul tural  practices i n  years of normal r a i n f a l l  the PVA and PAM 

chemicals can be used, an adequate vegetative cover obtained and erosion 

controlled with a single seeding, f e r t i l i z a t i o n  and erosion control  treatment 
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Iowa has an active roadside stabilization program along the inter- 

state and primary road systems. Many studies have been conducted along 

these highways to investigate methods for soil erosion control before 

revegetation and to find the best seed mixtures and fertilizer rates. 

Roadside stabilization along secondary roads, however, is a recent 

development brought about, in part, by stronger Federal restrictions. 

Roadside stabilization along secondary roads presents special problems. 

These roads have smaller right-of-ways and, as a result, steeper back- 

slopes than along the primary roads. Because of this, many practices, 

such as straw mulching, used to control erosion along the primary roads 

cannot be used on these steeper backslopes. Therefore, a research 

project was started to study these special problems along the county 

road system. Another objective of this study was to investigate various 

commercial soil stabilizers, as a replacement for straw mulch, to control 

soil erosion before revegetation. 

Methods - and Materials 

Coimercial equipment commonly owned or used by county highway 

departments was used in this study. Products tested had to conform to 

use of this equipment. Before any soil stabilizer is recommended for 

use, therefore, it must perform satisfactorily under these conditions. 

'She soil stabilizer materials, seed, and fertilizer were applied with 

a hydroseeder. In Cedar County, a Finn Straw Mulcher was used to apply 

the tack along with the straw except for the 3M-XB2386 material where 
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the tack was applied with a hydroseeder. I n  Van Buren County, the  tack 

was applied with a hydroseeder. Proven seed mixtures and f e r t i l i z e r  

r a t e s  were used in  each study area. Study areas (County s i t e s )  were 

selected on the  bas i s  of t e r r a i n  and type of s o i l  material. A b r i e f  

description of each s i t e  i s  given i n  Table 1 and located i n  Figure 1. 

Table 1. Description of research s i t e s  

Backslope 
Time Soi l  material  Slope Ave. length 

S i t e  locat ion established a t  the  s i te  (%) (meters) 

Hamilton County A p r i l ,  1971 Clay loam glac ia l  till 37 (2%:1) 3 
Clayton County June, 1971 Loess over limestone 45 (2: l )  9 

residum over l i m e -  
stone bedrock 

Van Buren countya Sept . , 1971 Leached and weathered 24 (4: 1) 12 
loess over dense 
c lay g l ac i a l  till 

Cedar County April ,  1972 Eolian sand 45 (2: 1) 9 
Ida County May, 1972 Thick s i l t  loam loess 32 (3: 1) 24 

a 
Topsoil vs. no topsoi l  replacement a l so  studied here. 

The "stake method" was used t o  make erosion measurements. Stakes 

were driven in to  the s o i l ,  and the amount of surface erosion was 

measured from marks on the stakes. Fourteen stakes were placed a t  

equal distances from the top of the backslope i n  each study area,  and 

s o i l  loss i s  reported a s  an average of these 14 values. Percentage 

cover was estimated by randomly tossing a 50 cm x 50 cm quadrat and 

estimating the percentage cover of grasses and legumes. An average of 

four readings per plot  i s  reported. 
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The various materials tes ted include Aquatain, Curasol AE, Cowed, 

Petroset  SB, Conwed -b Curasol AH, Terra Tack, 3M-XB2386, 3M-XB2386 + 
Conwed, Aerospray 70, and Polyvinyl alcohol (PVA) .~ '  Studies a l so  were 

made on straw alone, straw mechanically t i ed  down, and straw tacked 

with 3M-XB2386, Petroset ,  Aerospray-70, Terra Tack and Asphalt. 

Recommended r a t e s  for  a l l  materials were used. A br ief  description of 

the materials a s  well as  the areas i n  which each material was tes ted,  

are given in  Table 2. 

Results 

A l l  r e s u l t s  are  for  backslope areas.  

Hamilton County S i te .  Seeding of t he  Hamilton Country S i t e  was 

completed on April 24, 1971. Normally May i s  a period of frequent and 

abundant ra in ,  but i n  1971, r a i n f a l l  i n  May (Figure 2) was only 7.6 cm, 

some 3 cm below normal, and the f i r s t  large r a i n  did not come u n t i l  2 

months a f t e r  seeding. As a r e su l t  of drouth, a l l  seedings on a l l  t r e a t -  

ments were essen t ia l ly  fa i lures .  

Soi l  loss data and percentage cover data a r e  presented i n  Figures 

2 and 3, respectively.  These measurements were taken on July 23, 1971, 

3 months a f t e r  seeding, 

Soi l  loss  was greates t  on the straw-treated areas and l e a s t  on 

the Conwed treatments. The straw was not t i ed  in to  the s o i l  because 

of the steepness of the backslopes and was blown away within hours 

a f t e r  application (Figure 4). Both the Cowed and straw areas had the 

2'Mention of a commercial product or  firm does not consitute en- 
dorsement by Iowa Sta te  University o r  cooperating agencies, nor i s  
c r i t i c i sm implied of commercial products o r  firms not mentioned. 



Table 2. 
Soil 

stabilizer treatments and areas applied 

Recornended 
Water needed 

Name 
Chemical composition 

amount/ 
/hectare 

Area(s) 
applied 

Manufacturer 
hectare 

(hectoliters) 

Aerospray-70 
polyvinylacetate 

4
7
0
 la 

100 
Ida County 

American 
copolymer 

Cyanamid 

Aquatain 
sodium polypectate, 

1200 
1 

200 
Hamilton County 

Larutan 
glycerin &

 ammonia 

Conwed 
wood 

fiber mulch 

Conwed 
wood 

fiber 
+ 

Curasol AH 
polyvinylacetate 
copolymer 

Curasol AE 
polyvinylacetate 
copolymer 

Petroset SB 
rubber emulsion 

PVA 
polyvinyl alcohol 

1700 Kg 
400 

Iiamilton,Clayton, 
Conwed 

V
a
n
 Buren, &

 Ida 
Corporation 

Counties 

1700 Kg 
4
0
0
 

Clayton County 
Conwed 

Corp. 

American 
Hoechst Corp. 

Hamilton &
 

American 
Clayton Cos. 

Hoechst Corp. 

Clayton County 
Phillips Petro- 
leum Co. 

Ida County 
E.I. 

duPont 
de Nemours 

al 
=

 liters. 
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greatest amount of cover, about la%, which is extremely low for 3 

months after seeding. The estimation of cover on the straw-treated 

plots is biased upward because measurements were made on the few areas 

on which some straw remained on the plots, and the areas from which 

straw had blown away were essentially bare of vegetation. 

Because of abnormally dry conditions at this site during the seed- 

ing year, the results obtained are of limited predictive value. The 

study indicates that high rates of erosion occur on these soil materials 

when there is appreciable rainfall or when the backslopes are incompletely 

vegetated or inadequately mulched. 

In 1972, a year of abcut normal rainfall, a satisfactory stand war 

obtained over all treatments with an additional werseeding in the 

spring of 1972 but without further treatments. 

Clayton County Site. Seeding was completed June 10, 1971. Rain 

fell soon after seeding; moisture was adequate for rapid germination, 

and seedlings started to emerge within about 10 days. 

As is shown in Figure 5, there were large differences in erosion 

between treatments. Erosion, however, was excessive on all plots. The 

lowest rate was 147 metric tons per hectare on the Curasol AE treatment. 

As is shown in Figure 6, the Conwed, Curasol AE, and Conwed + Curasol 
AH treatments had better vegetative cover and more uniform growth than 

the other treatments. This cover difference wasmore pronounced in July 

than it was in late summer. The Petroset SB treatment seemed to inhibit 







growth o r  germination of seeds when sprayed along with t h e  seeds (Figure 

7).?' This  p ro jec t  was overseeded i n  t h e  spr ing  of 1972, and s a t i s -  

f a c t o r y  cover was obtained on a l l  p lo t s .  

This  study indica ted  t h a t  seve ra l  of t h e  ma te r i a l s  s tudied  had an 

e f f e c t  on s o i l  l o s ses  and on seed l ing  establ ishment  but  none could fu r -  

n i sh  adequate p ro tec t ion  from high i n t e n s i t y  r a i n  before  seed germination 

Van Buren County S i t e .  -- This  experiment was e s t ab l i shed  during 

the  f i r s t  week of September, 1971. Weather a t  t i m e  of seeding was dry ,  

and t h e  s u b s o i l ,  which i s  a very dense c l ay ,  was very hard and cloddy. 

Soon a f t e r  seeding seve ra l  l i g h t  r a i n s  f e l l  t h a t  were adequate f o r  

germination but d id  no t  produce much runoff .  By l a t e  November, when 

the  ground f roze ,  a vigorous p lan t  growth was e s t ab l i shed  on a l l  p lo t s .  

Soi l -eros ion  measurements, made on May 5 ,  1972, and percentage of 

cover,  measured on June 2 ,  1972, a r e  presented i n  Figures  8 and 9 ,  

r e spec t ive ly .  S o i l  l o s s  f o r  each treatment  i s  an average over both 

t h e  t o p s o i l  and no-topsoil  a reas .  Erosion was much l e s s  than a t  o the r  

s i t e s ,  but  a s  i s  shown i n  Figure 8, it was influenced by treatment .  

The untreated p l o t s  and t h e  Conwed-treated p l o t s  had approximately 3 

times a s  much eros ion  a s  the  straw-mulched p lo t s .  Backslopes a t  t h i s  

s i t e  a r e  on a 4 t o  1 s lope ,  and t h e  mulch f o r  the  s t raw t rea tment  was 

disced i n t o  the  s o i l .  

?'The t o x i c i t y  of P e t r o s e t  SB applied d i r e c t l y  t o  the  seeds was 
confirmed i n  a greenhouse study. 
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The Terra Tack treatment, which was t o  be applied t o  the straw 

milch, was a f a i l u re  because the hydroseeder could not pump the  Terra 

Tack solution. I n  t h i s  t e s t ,  the Terra Tack solution was supposed t o  

hold the straw i n  place so that straw could be used i n  areas  *ere it 

could not be t i l l e d  in to  the s o i l .  Because of gentle backslopes, 

abundant gentle ra ins ,  and lack of strong winds during the germination 

period, the straw, even though not disced in ,  remained i n  place, and 

the  treatment had very l i t t l e  erosion. This study indicates  t ha t  straw 

i s  e f fec t ive  i n  controll ing erosion i f  it can be kept i n  place, even 

though not anchored into  the s o i l .  

'I'he Conwed mulch did not control  erosion, but i ts  use resulted i n  

the greates t  and most uniform cover on both the topsoi l  and no-topsoil 

areas.  Within the topsoil  and no-topsoil areas,  there  were two r ep l i -  

cations,  one on the south-facing backslope and one on the  north-facing 

backslope. The slope aspect did not a f f ec t  cover on the topsoi l  areas  

as  much as  on the no-topsoil areas  (Figure 9). The Conwed treatment was 

the only one that  resulted i n  an e f fec t ive  vegetative cover on the south- 

facing no-topsoil area ear ly  i n  the  spring. Note i n  Figure 9 tha t  cover 

values f o r  the no-topsoil Conwed treatment compare favorably with cover 

values f o r  a l l  treatments on the topsoi l  areas. The south-facing straw 

areas with i n i t i a l l y  sparse cover a r e  now, approximately 9 months a f t e r  

seeding, completely covered with t he  legumes seeded. 

To surmnarize, the straw treatments controlled erosion, and the 

Conwed treatments gave the best  cover. Averaging over-all treatments, 
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the topsoi l  areas had be t t e r  cover than the no-topsoil areas. This 

difference i s  more pronounced on the south-facing slopes and on the 

straw-treated areas. 

Cedar County S i te .  Percentage of cover data measured Aug. 18, 

1972, a r e  presented i n  Figure 10. Although r a i n f a l l  was p len t i fu l  a f t e r  

seeding (Figure l o ) ,  i t  was gentle and not erosive. Therefore, l i t t l e  

s o i l  crosion was detected. Cover i s  sparse f o r  a l l  treatments except 

the straw + Petroset  treatment a t  t h i s  s i t e .  The 3M-XB2386 treatment 

areas have very l i t t l e  cover, which indicates  tha t  the product might 

r e s t r i c t  germination. The seed was sprayed on the surface and not 

covered with s o i l  because of the steepness of the  backslope. The 3M- 

X82386 product seems t o  create  a l e s s  dense layer ,  approximately 1 cm 

thick,  which may hinder germination by creating a d r i e r  environment 

for the seeds. 

Tda County S i te .  So i l  loss measured June 23, 1972, and percen- 

tage of cover measurements from Aug. 1, 1972 a r e  presented i n  Figures 

11 and 12, respectively. Rainfall  again was p l en t i fu l  a t  t h i s  s i t e  

a f t e r  seedin>g (Figure 12),  with the area receiving a high in tens i ty  9 

cm ra in  approximately 2 weeks a f t e r  seeding. So i l  erosion, therefore,  

was great  fo r  a l l  treatments. There a r e  apparent differences between 

treat-ents,  but no treatment e f fec t ive ly  controlled erosion. The 

largest  di f ference i s  i n  cover measurements with only the PVA-treated 

area adequately covered. The WA treatment seemed t o  prevent surface 

seal  and allowed a good environment for  germination of the seeds (Figure 

13). The Conwed treatment was next i n  cover, with a l l  the other t reated 

areas very low in  cover. Further studies with PVA a r e  i n  process a t  

t h i s  s i t e .  
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Discur;sion 

A t  t h e  f i v e  s i t e s  s tud ied ,  none of  t h e  chemical s t a b i l i z e r s  was 

completely s a t i s f a c t o r y .  A d i scuss ion  fol lows concerning t h e  a b i l i t y  

of t h e  s o i l  s t a b i l i z e r s  t o  c o n t r o l  e ros ion ,  promote p l a n t  growth, and 

s t a b i l - i z e  o r  tack  straw. Costs  of t h e  var ious  ma te r i a l s  t h a t  show 

promise a l s o  a r e  discussed.  

No s o i l  s t a b i l i z e r  s tudied  c o n t r o l l e d  eros ion  a s  we l l  a s  t h e  

st.andard s t raw mulch. I n  Ida  County, where a very in t ense  r a i n  of 

i n f r equen t  occurance f e l l ,  t h e  PVA t reatment  prevented su r face  s e a l  

(I;igui:e 1 3 ) ,  which precedes runoff  and eros ion .  R i l l  e r o s i o n  r e s u l t e d  

because r a i n f a l l  exceeded t h e  i n f i l t r a t i o n  capaci ty  of t h e  s o i l .  Per-. 

haps, under more normal cond i t ions ,  t h i s  t reatment  may c o n t r o l  e ros ion .  

i t  wa'; e f f e c t i v e  i n  preventing e ros ion  in  labora tory  studies.l"' The 

3M-XI32386 s o i l  s t a b i l i z e r  a l s o  was s tudied  a t  t h e  Ida County s i t e .  

I t  d i d  not  c o n t r o l  e ros ion ,  bu t  t h e r e  a r e  doubts over t h e  q u a l i t y  of 

t h c  3M-X02386 ma te r i a l  used a t  t h i s  s tudy si te.  Consequently, i t  

wi .11  be r e t e s t e d  when production problems a r e  solved. None of  t h e  

o t h e r  s o i l  s t a b i l i z e r s  s tudied  showed promise f o r  t h e  c o n t r o l  of  s o i l  

e r o s i o n ,  or  even the  prevention of su r face  sea l ing .  

'Thc Conwed treatment  c o n s i s t e n t l y  gave even, vigorous s t ands  of 

vege ta t ion ,  but  d id  not e f f e c t i v e l y  con t ro l  e ros ion .  The wood f i b e r  

ma tc r i a l  provided f o r  an even d i s t r i b u t i o n  of t h e  seeds and r e t a ined  

- '"1;. .I. Hlnvia,  W. C .  Moldenhauer, and D.  E .  Law. Mate r i a l s  f o r  
s t ab i l . i z ing  sur face  c lods  of cropped s o i l s .  S o i l  Sc i .  Soc. A m e r .  Proc. 
35: 1.19-122. 1.971. 
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moisture long enough f o r  t h e  seeds t o  germinate. I t  has  the  added ad- 

vantage t h a t  more water  i s  needed f o r  a p p l i c a t i o n  (see Table 2 ) ,  which 

may r e l i e v e  some of t h e  s a l t  e f f e c t  of t h e  f e r t i l i z e r s  on seed germina- 

t i on .  Other t rea tments  t h a t  requi red  l a r g e  q u a n t i t i e s  of water ,  however, 

such a s  Curasol AE and Aerospray-70, d id  n o t  c o n s i s t e n t l y  a f f e c t  ground 

cover.  

?:he PVA treatment  a l s o  gave a  s a t i s f a c t o r y  cover a t  the  Ida County 

s i t e .  This  i s  mainly a  r e s u l t  of su r face  s e a l  prevention.  The s o i l  i n  

these  a r e a s  remained i n  t h e  same aggregated s t a t e  a s  t h e  o r i g i n a l  seed 

bed. P e t r o s e t  SB and 3M-XB2386 s tab i l izersseemed t o  i n h i b i t  p lan t  growth 

i n  th s sc  s tud ie s .  The so lvents  used i n  t h e  P e t r o s e t  SB s t a b i l i z e r  a r c  

tox ic  when appl ied  d i r e c t l y  t o  the  seed. Because of t h i s ,  P e t r o s e t  SB 

should not  be appl ied  along with t h e  seed o r  d i r e c t l y  on top of the  

seed. The P h i l l i p s  Petroleum Company has  a  new P e t r o s e t ,  which i s  not  

t o x i c ,  but  it has  not  been t e s t e d  i n  t h i s  study. The 3Mmater ia l  is 

not  t o x i c ,  but  c rea t ed  a  su r face  l aye r  about 1 cm t h i c k  t h a t  i s  l e s s  

dense than  t h e  underlying ma te r i a l .  Th i s  l aye r  m y  dry r a p i d l y ,  thus  

preventing germinat ion,  expec ia l ly  a t  t h e  sandy, Cedar County s i t e .  

The PVA materia '  c o s t s  approximately $170-220 per h e c t a r e ;  t h e  3M 

material ,  c o s t s  approximately $1600 per  hec ta re .  Both ma te r i a l s  use 

approxiinately 100 h e c t o l i t e r s  H 0 per  h e c t a r e  and r equ i re  a  hydro- 2 

seeder .  A t  p r e sen t ,  t h e  c o s t  of t h e  3 M  m a t e r i a l  i s  p r o h i b i t i v e ,  bu t  i f  

i t  does : ; t ah i l i ze  t h e  s o i l  it may be adaptable  t o  small a r e a s  wi th  
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severc erosion hazards. The cost  of the PVA material compares favorably 

with the cost  of straw when added costs  of application of the straw are  

included. The cost of the Conwed material  i s  approximately $270 per 

hectare,  but t h i s  material requires four times a s  much water as  the PVA 

material. Total estimated costs  of application run as  high a s  $570 per 

hectare f o r  the Conwed, $370 per hectare for  PVA, and $470 per hectare 

for  the straw. These figures include seed and f e r t i l i z e r  plus equipment 

rental and labor. 

A l l  the chemicalstested for  tacking straw deter iorate  i n  a short  

time, with the exception of the asphalt  emulsion and the 3M-XB2386 

material. However, a l l  chemicals i n  our study, except Terra Tack, whiiii 

could not be pumped because of improper solution,  seemed t o  t i e  the  straw 

down and prevent s o i l  erosion. More study i s  needed since few erosive 

ra ins  f e l l  on these experiments with straw. Applying the chemical tack 

with a hydroseeder resulted i n  a more even application than with the 

Finn mulcher. Aerospray-70, Petroset  SB, and Terra Tack a l l  cost  

approximately $240 per hectare for  the material needed to  tack the 

straw. The cost of the 3M-XI32386 material  i s  $1100 per hectare ,  which 

i s  prohibitive a t  present. 

Suinma r y  

Nrne s o i l  stabilizer materials and various combinations of these 

iiiaterialr; were studicd i n  f ive  counties along the secondary road system 

i.n 1.own.. These materials were Aerospray-70, Aquatain, Asphalt emulsion 
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( c a t i o n i c ) ,  Conwed, Curasol AE and AH, Pe t rose t  SB, PVA, Terra  Tack, 

and 3M-XB2386. Five  of these ,  3M-XB2386, Aerospray-70, Asphalt emulsion, 

Pe t rose t  SB, and Terra  Tack, were applied a s  a tack  on straw. 

The study indica ted  t h a t  t h e  PVA mate r i a l  has  t h e  g r e a t e s t  poten- 

t i a l  f o r  both preventing s o i l  e ros ion  and promoting a good stand of 

vegetat ion.  Costs of t h i s  ma te r i a l  compare favorably with t h e  c o s t s  of 

straw mulching. Other m a t e r i a l s  d i d  no t  c o n s i s t e n t l y  c o n t r o l  e ros ion  

s a t i s f a c t o r i l y  i n  t h i s  s tudy,  bu t  m y  be use fu l  under d i f f e r e n t  condi- 

t i ons .  Slopes i n  t h i s  s tudy were very  s t eep ,  which gave a severe t e s t  

f o r  the  s o i l  s t a b i l i z e r s .  

Although t h e  Conwed mate r i a l  was incons i s t en t  i n  c o n t r o l l i n g  ero?:.:n, 

i t  d id  give c o n s i s t e n t l y  b e t t e r  cover when compared wi th  both t h e  o t h e r  

s o i l  s t a b i l i z e r s  i n  the  s tudy and the  check treatment ,  This  m a t e r i a l ,  

t h e r e f o r e ,  may be useful  i n  e s t a b l i s h i n g  a good stand of vegetat ion.  

A l l  m a t e r i a l s  t e s t e d  a s  a t ack  f o r  s traw helped t o  hold the  s traw 

i n  place and may provide a s u b s t i t u t e  f o r  a s p h a l t  on these  s t e e p  slopes.  

A liydrosceder i s  the  b e s t  means of applying t h e  tack.  

Although present  est imated c o s t s  of t h e  3M-XB2386 mate r i a l  a r e  

probi.hit.ive, f u r t h e r  s t u d i e s  a r e  planned using t h i s  ma te r i a l .  I t  seems 

t o  havf the  s t r eng th  t o  r e s i s t  s o i l  e ros ion  and may be use fu l  f o r  

e ros ion  con t ro l  where t h e  eros ion  hazard i s  severe. Fur ther  t e s t i n g  

sho111d al.so i n d i c a t e  whether t h e  ma te r i a l  indeed r e t a r d s  seed germination. 





Inf luence  of Surface Treatment of Selected Subsoi l  Mater ia l s  on 

1 / I n f i l t r a t i o n  and Erosion- 
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ABSTRACT 

Two polyvinyl  a lcohols  (PVA) and a polyacrylamide (PAM) were ap- 

p l i ed  t o  Iowa subso i l  c lods  f o r  r a i n f a l l  s imula t ion  and f i e l d  t e s t s  of 

t h e i r  e f f ec t iveness  a t  t h r e e  r a t e s  i n  c o n t r o l l i n g  su r face  s e a l  and 

eros ion  caused by r a i n f a l l .  Rainfa l l - s imula tor  t e s t s  showed t h a t  energy 

requi red  t o  i n i t i a t e  runoff  (ENTOR) was much g r e a t e r  on t r e a t e d  c lods  

than on un t r ea t ed  c lods .  PVA and PAM polymers were most e f f e c t i v e  on 

subso i l s  which contained 30 percent clay.  More polymer was requi red  on 

s o i l s  with more or  l e s s  than  30 percent c l ay .  The measurement, 

energy requi red  t o  reach 6.5 cm/hr i n f i l t r a t i o n  capac i ty  (ENT065),was 

a  good i n d i c a t i o n  of response of t h e  polymer under f i e l d  condi t ions .  

The polymers c o n t r o l l e d  shee t  e ros ion  a t  t h e  f i e l d  experiments,but d id  
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not c o n t r o l  r i l l  e ros ion  t h a t  r e s u l t e d  from runoff  water from upslope 

f i e l d s .  P red ic t ion  equations were developed fo r  t h e  polymers with 

r a t e  and percentage c l ay  a s  independent v a r i a b l e s  and ENT06.5 a s  the de- 

pendent va r i ab le .  These equat ions were used f o r  obta in ing  r a t e  of 

polymer r equ i red  t o  maintain an 6.5 cmlhr i n f i l t r a t i o n  capaci ty  f o r  

subso i l  m a t e r i a l s  under f i e l d  condi t ions .  

Addit ional  Key words: Chemical s o i l  s t a b i l i z a t i o n ,  s o i l  cond i t ione r s ,  

s o i l  e ros ion ,  ra indrop  eros ion ,  su r face  sea l ing  



Inf luence  of Surface  Treatment of Se lec ted  Subsoi l  

Ma te r i a l s  on I n f i l t r a t i o n  and Erosion 

Erosion dur ing  seed l ing  establ ishment  remains a  se r ious  problem 

on backslopes along highways. Straw mulches a r e  f requent ly  used t o  

con t ro l  e ros ion ,  but  a r e  not  completely s a t i s f a c t o r y ,  a r e  expensive, 

a r e  not  always a v a i l a b l e ,  and i n  some ins t ances ,  cannot be  used 

because of s lope  s teepness .  Thus, t h e r e  i s  continued i n t e r e s t  i n  

chemical s o i l  condi t ioners  t h a t  might be used a s  replacement f o r  

s t raw on newly seeded highway backslopes. 

A s e r i e s  of f i e l d  and labora tory  s t u d i e s  ind ica t ed  t h a t  3  

commercially a v a i l a b l e  m a t e r i a l s  of a  dozen o r  s o  t e s t e d  were 

e f f e c t i v e  enough t o  warrant  f u r t h e r  study. Th i s  s tudy i s  a r e p o r t  

of labora tory  and f i e l d  t e s t s  of these  3,  which inc lude  2 d i f f e r e n t  

polyvinyl  a l coho l s  and a polyacrylamide (PAM) polymer. 

I n  recent  s t u d i e s  on Iowa su r face  c lods ,  B lav ia ,  Moldenhauer, and 

Law (1971) and Gabr i e l s ,  Moldenhauer and Kirkham (1973) have shown 

t h a t  polyvinyl  a l coho l  (PVA) and polyacrylamide (PAM) polymers e f f ec -  

t i v e l y  s t a b i l i z e  su r face  c lods  a g a i n s t  r a i n f a l l  energy rece ived  between 

a vege ta t ive  seeding and a complete cover from t h e  seeding. Wang 

and Lin(1967) found t h a t  WA reduced d i s p e r s i o n  r a t i o s  and was more 

e f f e c t i v e  than e i t h e r  organic  mat te r  o r  calcium carbonate a s  a  s o i l  

condi t ioner .  Dowdy (1972) found t h a t  PVA s u b s t a n t i a l l y  increased  t e n s i l e  

s t r e n g t h  of calcium-saturated montmorillonite systems. 



Subsoils have less organic matter and more massive structure 

than most surface soils. The earlier studies with surface materials 

are not completely applicable to the subsoil material exposed during 

highway construction. Therefore,a rainfall-simulator and field study 

of the two PVA polymers and of a PAM polymer were made to test their 

effectiveness in stabilizing subsoil materials commonly exposed dur- 

ing road construction. 

Prediction equations were developed to estimate amounts of each 

polymer required to stabilize soil materials of various clay contents 

against breakdown under average rainfall energies during 

seedling establishment. The prediction equations were developed from 

rainfall-simulator results and tested with the field study. 

Materials and Experimental Procedures 

Soils 

Clods 12 mm 'io 22 m in size were collected according to the 

method of Moldenhauer (1965) and Blavia et al, (1971). Clods were 

obtained from the following subsoil materials: loess material from the 

Marshall soil association, Marshall C horizon; the Shelby-Sharpsburg- 

Macksburg soil association, Sharpsburg B horizon; and the Grundy-Haig 

soil association, Belinda B horizon (Oschwald et al., 1965); and from 

Kansan and Cary till subsoils. Sample sites for these materials are 

given in table 1. These subsoil materials represent a majority of the 

soil material commonly exposed during road construction in Iowa. The 



t h r e e  loes s  s u b s o i l s  range from 24 percent  t o  47 percent  c l ay  

( t a b l e  1) .  Clay con ten t ,  pH,and apparent  dens i ty  of t h e  c lods  a r e  

given i n  t a b l e  1. 

The f i e l d  experiment i s  i n  t h e  Tam-Muscatine s o i l  a s s o c i a t i o n  i n  

Poweshiek County, Iowa. Loess and Kansan till m a t e r i a l s  a r e  exposed 

on t h e  cu t -s lopes  a t  t h i s  s i t e .  The s lopes  were cons t ruc ted  on a  

45-percent grade,and t h e  loes s  had an average of 25 percent  c lay  content  

(T. E. Fenton, personal  comunica t ion )  a t  the  f i e l d  s i t e .  

Polymers 

11 The PVA polymers, Elvanol 71-30 and Elvanol 72-60-, a r e  commercial 

products obtained from Du Pont i n  6-percent aqueous so lu t ions .  Evan01 

71-30 i s  f u l l y  hydrolyzed, has  a n  average molecular weight of 114,000, 

and i s  a  medium-chain polymer. The f u l l y  hydrolyzed Elvanol 72-60 

polymer has  a n  average molecular weight of 134,000 and i s  a  long chain 

polymer. PAM was obtained from Cosden Chemical Company, Big Spring,  

Texas, a s  an 8-percent aqueous so lu t ion .  The PAM polymer was cross-  

l inked with a  s p e c i a l  agent  before  app l i ca t ion .  

The polymers were sprayed onto the  a i r - d r i e d  c lods  wi th  a  pa in t  

sprayer  f o r  t h e  r a i n f a l l - s i m u l a t o r  labora tory  s tudy and appl ied  with a  

l ' ~ e n t i o n  of a  commercial product o r  f i rm does n o t  c o n s t i t u t e  endorse- 

ment by Iowa S t a t e  Univers i ty  o r  cooperat ing agencies ,  nor i s  c r i t i c i s m  

implied oE commercial products or  f i rms not  mentioned. 



hydrau l i c  seeder  i n  the  f i e l d  study. Three r a t e s ,  112 kg/ha, 224 kg/ha,  

and 336 kg/ha (coded 1, 2, and 3,  r e spec t ive ly )  were appl ied  t o  t h e  

su r face  of t h e  clod beds f o r  t h e  l abora to ry  study. The 112 kg/ha r a t e  

was app l i ed  a s  a 1-percent so lu t ion ,and  t h e  224 kg/ha and 336 kg/ha 

r a t e s  a s  2-percent so lu t ions  f o r  t h e  r a i n f a l l  s imulator  study. The 

336 kg/ha r a t e  was appl ied  i n  the  equiva lent  of 150 h l  water/ha (2- 

percent  so lu t ion )  i n  t h e  f i e l d  study. 

Experimental Procedures 

The Adams, Kirkham and Nie lsen  (1957) po r t ab le  r a i n f a l l  s imula to r ,  

a s  modified by Moldenhauer and Kemper (1969), was used f o r  t h e  r a i n f a l l -  

s imula tor  study. Clods were placed i n  metal pans,lO cm squa re , to  a 

depth of 4 cm over 7 cm of sand according t o  t h e  procedure of Blavia  

e t  a l .  (1971). The pans were t i l t e d  t o  a 9-percent s lope.  Simulated 

r a i n  was appl ied  a t  an i n t e n s i t y  of  10-12 cm/hr,and r a i n f a l l  energy 

was c a l c u l a t e d  from raindrop v e l o c i t y  d a t a  of Laws (1941) f o r  t h e  5 mm 

diameter  drop s i z e  a s  determined by Moldenhauer and Kemper (1969). 

Resul t s  a r e  repor ted  a s  energy t o  i n i t i a t e  runoff  (ENTOR), energy r e -  

qui red  t o  reach a n  i n f i l t r a t i o n  capac i ty  of 6.5 cm/hr (ENT065),and 

s o i l  l o s s  a f t e r  0.15 joules/crn2 of r a i n f a l l  energy (ST015). Energy 

requi red  t o  i n i t i a t e  runoff r ep resen t s  t h e  poin t  where t h e  c lods  have 

broken down and i n f i l t r a t i o n  capac i ty  i s  less than  r a i n f a l l  i n t e n s i t y ;  

energy requi red  t o  reach 6.5 cm/hr i n f i l t r a t i o n  capaci ty  was chosen 

a s  a parameter because t h i s  i s  t h e  average r a i n f a l l  i n t e n s i t y  i n  Iowa 
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Resul t s  

The r a i n f a l l  s imulator  r e s u l t s  a r e  given i n  Tables 2 ,  3,and 4 f o r  

ENT065, ENTOR, and ST015, r e spec t ive ly .  Energy requi red  t o  i n i t i a t e  

runoff and energy requi red  t o  reach 6.5 cm/hr i n f i l t r a t i o n  capaci ty  f o r  

the  c lods  t r e a t e d  with polymer of the  lowest r a t e  a r e  approximately 

double t h a t  of t h e  unt rea ted  c lods .  I n  genera l ,  success ive ly  h igher  

r a t e s  a r e  s i g n i f i c a n t l y  more e f f e c t i v e  than  t h e  lower r a t e s ,  and r a t e  3 

gives  t h e  h ighes t  ENTOR and Em065 and lowest s o i l  l o s s  f o r  each 

polymer. The PAM polymer i s  s i g n i f i c a n t l y  b e t t e r  than  t h e  PVA polymers 

f o r  i nc reas ing  r a i n f a l l  energy requi red  t o  i n i t i a t e  runoff  and r a i n f a l l  

energy requi red  t o  reach 6.5 cm/hr i n f i l t r a t i o n  r a t e  and f o r  reducing 

s o i l  l o s s  on t h e  loes s  s u b s o i l s .  The r eve r se  i s  t r u e  f o r  t h e  Kansan and 

Cary till s o i l s , e x c e p t  t h a t  con t ro l  of s o i l  l o s s  i s  equal  f o r  a l l  polymers 

on t h e  Cary t i l l  ma te r i a l .  

The ENTOR v a r i a b l e  and c l ay  content  of t h e  loes s  m a t e r i a l s  a r e  

compared i n  Figs.  1-3 f o r  t h e  PVA 71-30, PVA 72-60,and PAM polymers, 

r e spec t ive ly .  A t  a l l  r a t e s ,  ENTOR increases  sharp ly  with a n  increase  

from 24 t o  33 percent  c l a y  content  f o r  a l l  polymers. With a f u r t h e r  

i nc rease  t o  47 percent  c l a y ,  ENTOR decreases s l i g h t l y  a t  r a t e  1 f o r  

a l l  polymers. A t  r a t e s  2 and 3 f o r  PVA 71-30 and PAM polymers, ENTOR 

increased when t h e  c l a y  content  was increased from 33 t o  47 percent .  

S o i l  l o s s  measurements taken 3 weeks a f t e r  seeding a t  t h e  Poweshiek 

experiment a r e  given i n  Table 5. The a r e a  received 10 cm of r a i n  (0.05 



j ou le s  of energy) i n  t h i s  3 week per iod .  The nor th- fac ing  PVA 71-30 

p l o t  had t h e  g r e a t e s t  amount of s o i l  l o s s  when compared wi th  both t h e  

t r e a t e d  and unt rea ted  p l o t  a r eas .  A l l  o t h e r  t r e a t e d  a r e a s  had no 

d e t e c t a b l e  s o i l  l o s s .  The north-facing PVA p l o t  received runoff water  

from a n  upslope farm f i e l d  t h a t  caused severe  r i l l  e ros ion  on t h i s  

p l o t .  

The t r e a t e d  p l o t s  successfu l ly  s t a b i l i z e d  t h e  su r face  c lods  and 

prevented su r face  c r u s t i n g ,  but  un t r ea t ed  p l o t s  had complete su r face  

c r u s t s .  This  i s  shown i n  p l a t e s  1 and 2 where t h e  rough-appearing 

su r face  ( p l a t e  1) is  s t a b i l i z e d  and t h e  smooth-appearing su r face  

( p l a t e  2) has  a  complete su r face  c r u s t .  

Discussion 

The r a i n f a l l  s imula tor  v a r i a b l e s ,  ENTOR, ENT065, and ST015,are 

h igh ly  i n t e r c o r r e l a t e d  wi th  c o r r e l a t i o n  c o e f f i c i e n t s  of 0.90 and -0,86 

f o r  ENT065 c o r r e l a t e d  with ENTOR and ST015, r e spec t ive ly .  Energy r e -  

quired t o  reach 6.5 cmlhr i n f i l t r a t i o n  capac i ty  was chosen a s  t h e  

l abora to ry  v a r i a b l e  t o  r ep resen t  f i e l d  response of t h e  polymers because 

6.5 cm/hr i s  t h e  average r a i n f a l l  i n t e n s i t y  f o r  Iowa, 6.5 cm/hr 

r ep resen t s  t h e  poin t  a f t e r  which r ap id  su r face  s e a l i n g  occurs  f o r  t h e  

s o i l s  of t h i s  s tudy,  and 6.5 cm/hr i s  t h e  r a i n f a l l  i n t e n s i t y  used i n  

previous s t u d i e s  (Moldenhauer, 1970, Blavia  e t  a l . ,  1971; Gabr ie ls  

e t  a l . ,  1973). 
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Moldenhauer and Kemper (1969) and Moldenhauer (1970) calcrxlated 

tha t  r a i n f a l l  energy between corn planting and protective cover from 

2 
corn in  Iowa i s  0.18 joules/cm . The period required t o  es tabl ish a 

grass seeding i s  similar t o  the period between corn planting and com- 

2 plete  cover of the corn canopy. An average of 0.15 joules/cm of 

r a i n f a l l  energy i s  assumed fo r  both spring and f a l l  seeding operations 

in  the following section. 

Pract ical  Application 

The objective of t h i s  study was t o  f i r s t  t e s t  the usefulness of 

the PVA and PAM polymers for  s tab i l iz ing  subsoil clods against 0.15 

joules of r a i n f a l l  energy. Energy required t o  reach 6.5 cm/hr i n f i l -  

t ra t ion  capacity i s  in  excess of 0.15 joules for  a l l  s o i l  materials 

except the leached loess materia1,and the amount of polymer required 

t o  maintain a 6.5 cm/hr i n f i l t r a t i o n  capacity varied with the clay 

content of the  s o i l  material. Since the polymers were e f fec t ive  i n  

maintaining a 6.5 cm/hr i n f i l t r a t i o n  capacity against 0.15 joules of 

r a i n f a l l  energy, prediction equations were developed t o  aid i n  planning 

roadside-stabil ization projects i n  which PVA and PAM polymers a r e  used 

t o  control  water erosion and surface crusting.  

Multiple regression techniques were used to  develop equations 

that  predict ENT065 fo r  PAM, PVA 71-30,and PVA 72-60 a s  a function of 

r a t e  and clay percentage. Rate and clay content a r e  the independent 

variables of the equations,which a re  i n  the form ENT065 = bo + bl 



Table 5. Effects of polymers on soil loss at Poweshiek field experiment 

Mean soil Soil loss 
Polymer Blocks loss cm Metric tonslha 

PAM 

Check 

MS Polymers = 0.74 Blocks = 0.72 Error = 0.81 

* 
Blocks are slope aspect: S = south-facing and N = north facing. 

+ 
This plot received runoff water from an upslope field. 



( r a t e )  + b2 (clay) ,where bo i s  t h e  i n t e r c e p t ,  b i s  t h e  r eg res s ion  1 

c o e f f i c i e n t  f o r  r a t e , and  b i s  t h e  r eg res s ion  c o e f f i c i e n t  f o r  c l ay .  2 

Clay i s  t h e  only physical  parameter used s ince  it i s  normally 

a v a i l a b l e  from published s o i l  survey r e p o r t s  o r  s o i l  s e r i e s  d e s c r i p t i o n s  

and i s  h igh ly  r e l a t e d  t o  o t h e r  phys ica l  p rope r t i e s  of the  s o i l  c lods  

(Peperzak and Shrader ,  1956). 

The equat ions were developed f o r  a l l  ma te r i a l s  ( f u l l  model) and 

f o r  l oes s  ma te r i a l s  ( l o e s s  model) and a r e  given i n  Table 6. The R 
2 

values a r e  r e l a t i v e l y  high f o r  a l l  t h e  equat ions,with va lues  ranging 

up t o  0.89 f o r  t h e  PAM polymer. This  i n d i c a t e s  t h e  independent v a r i -  

a b l e s ,  r a t e  and c l a y ,  may account f o r  much of t h e  v a r i a t i o n  of t h e  ENT065 

va r i ab le .  Clay-squared and r a t e  squared terms were in se r t ed  i n t o  t h e  

r eg res s ion  equat ions ,  but  were not  s i g n i f i c a n t .  Rate and c l ay  

were independent. Therefore,an i n t e r a c t i o n  term was not  requi red .  

The p r i n c i p a l  use of t h e  equat ions i s  t o  e s t ima te  t h e  amount of 

chemical mulch which i s  needed t o  main ta in  an i n f i l t r a t i o n  capaci ty  of 

6.5 cmlhr a f t e r  0.15 joules  of appl ied  r a i n f a l l  energy. Therefore,  

the  equat ions a r e  solved f o r  r a t e , w i t h  ENT065 s e t  a t  t h e  des i r ed  energy 

l e v e l  and c l a y  a t  t h e  percentage c l ay  content  of the  m a t e r i a l  t o  be 

s t a b i l i z e d .  

The p red ic t ion  equat ions were used f o r  planning t h e  f i e l d  

experiment. An average of 25 percent  c l a y  was used f o r  t h e  loes s  model, 

and 32 percent  c l a y  fo r  t h e  f u l l  model ( t i l l  ma te r i a l )  t o  e s t i q t e  
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Plate 1. Roadbank i n  Poweshiek 
County, Iowa treated 
with PVA 72-60 polymer 

Plate 2. Roadbank i n  Poweshiek 
County, Iowa. Untreai 
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Figure  3 .  Comparison of energy requi red  t o  i n i t i a t e  runoff 
(ENTOR) with percent c l ay  f o r  3 r a t e s  of PAM 
polymer. 




