
N. FI woodruff, B. L. Schmidt, E. L. Skidmore, J. D. Dickerson, 

R. L. Meeker and L. M. Fevsner 

93:s report c o n t ~ ~ n s  mpubLlshe8. and prelk2mn-y %a?ome-Licrhud. ~&,qd $3 s 
contents ase for ai!minlstratitre purposes only  m d  may not be pu%l?'-shed 
or reproduced in any fsm without pr ior  consent of 3 .  rqsemh workexs 
im~ lvee .  



Page 



A STUDY OF WIND EROSION IN NORTHWESTERN OHIO 1/ - 
N. P. Woodruff, B. L. Schtnidt, E. Lo Sktdmore, J. D. Dickerson, 

R. L. Meeker, and L. M. FeusnCr - 2/ 

Southern Plains Branch 
Soi l  and Water Conservation Research Division 

Agricultural Research Service 
U. S. Department of Agriculture 

1/ Contribution from the Soi l  and Water Conservation Research - 
Division, Agricultural Research Service, USDA, and the Kansas Agricul- 

tural EKperiment Station, Department of Agoncuny Contribution No. . - 
2/ Research Investigations Leader, SWC-ARS, USDA, Manhattan, - 

Kansas; Agronomist, Ohio Agricultural Reseaxch and Development Center, 

Wooster, Ohio; Soi l  Scientis t ,  SWC-ARS, USDA, Manhattan, Kansas; Engi- 

neering Technician, SIE-ARS, USDA, Manhattan, Kansas; Soi l  Scientist ,  

SCS, USDA, Columbus, Ohio; and Conservation Agronomist, SCS, USDA, Colum- 

bus, Ohio, respectively. Acknowledgment is made t o  Glen E. Bernath, 

State Soil Conservationist, SCS, USDA, Columbus, Ohio; D. D. Smith, 

Assistant Director, SWC-ARS, USDA, Beltsville,  Maryland; and W i l l i a m  

A. Hayes, Regional Agronds t ,  SCS, USDA, Lincoln, Nebraska, f o r  their 

assistance i n  planning a M  organizing t h i s  study. 



Introduction 

Increasing damage from wind erosion has occurred i n  recent years 

on about 200,000 acres in 16 t o  20 counties of northern and northwestern 

Ohio. The so i l s  are sandy textured or muck. Many of the areas involved 

are i n  high-value crops such as vegetables, soybeans, and sugar beets. 

The reasons fo r  increased wind erosion are believed t o  be due to: (a) 

Increased f i e ld  sizes with larger axeas exposed t o  wind, (b) removal of 

small farm woodlo-ts and natural windbreaks, (c ) use of larger machinery 

and mare intensive row crolrping causing more s o i l  pulverization and fewer 

cover and sod crops, (d) more f a l l  and early spring pluwing exposing s o i l  

t o  blowing for  longer periods, and (e) better  weed control with modern 

herbicides with cleaner fence rows (9). 

Field and laboratory investigations designed t o  gain specific 

information on the various factors influencing erodibil i ty of cultivated 

lands i n  northwestern Ohio were carried out i n  1967. 

Personnel from the  Soil  Conservation Service, the Ohio Agricultural 

Research and Development Center, and the Agricultural Research Service 

participated i n  the investigation. The study comprised (a) analysis of 

climatic data, (b) erodibil i ty t e s t s  using a portable wind tunnel fram 

the Wnd Erosion Laborstory at Manhattan, Kansas, (c) analysis of s o i l  

and residue factors related to erodibility, and (d) assessment of effects  

of abrasive damage on plant growth and crop yield. This  report summarizes 

the results  of investigation. 



General Description of Area 

The land i n  northwestern Ohio lies a t  an alt i tude of approximately 

670 feet  above sea level. The average precipitation is a b u t  31 inches. 

The average a,nnua3 wind velocity i s  about 11 m.p.h. and prevailing direc- 

t ion is  SW from June t o  December and generally W-SW from Jmuayy t o  May. 

Severe windstoms caw- major damage t o  buildings occur infrequently 

but there are on the average 23 days per year having a sustained wind 

velocity of 32 m.p.h. or more. 

The so i l s  belong t o  the Gray-Bmwn Podzolic and Htmrlc-Gley Great 

Soil Groups and the series studied i n  t h i s  investigation include Ottokee, 

Granby, OaJrville, Colwuod, Spinks, and Tedrow. The so i l s  range from 

neutral t o  very strongly acid and from l ight  Lo dark brown color. The 

ter ra in  is  generally level  with some undulation. Drainage ranges fk0z.n 

very poor on Tedrow t o  well on Oakville. Because of the 1evelterraj.n 

and poor drainage on many of the soils,  a l i t t l e  less  than no& precip- 

i ta t ion during crop growing seasons is better than excessive mounts. 

The so i l s  are generally low in natural f e r t i l i t y ,  have law moisture- 

holding capacity, and are subject t o  wind erosion. The wind emsion 

problem occurs mostly under two broad soil-topography conditions, (a) 

on moderately well and well drained sandy so i l s  occupying ridges, and 

(b) on poorly and very poorly drained so i l s  occupying depressed areas 

where the surface microlayer dries sufficiently t o  cause excessive wind 

erosion, 

Corn, sugar beets, tomatoes, and melons are the main crops i n  the 

area. Some f'mtts and berries and other vegetables are also produced on 

the we11 t o  excessively well. drained soils. 
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Procedure 

Analysis of Climatic Datz 

Wind a d  precipitation data from the  Toledo, Ohio, airport, the  
closest location t o  the study area with corrrplete records, were exasnined 
and plotted. 

The monthly climatic factors  f o r  24 counties i n  northwestern Ohio 
were tabulated Prom previously prepared climatic fac tor  maps (7, 11). 

Prevailing wind erosion directions and preponderance and magni- 
tude of wind erosion forces f o r  Columbus, Dayton, Toledo, Youngstown, 
Cincinnati, and Cleveland Ohio, were determined and graphed from pre- 
viously prepared reports f 11) . 

Selection of S i t e s  

Portable wind tunnel tests were run on 13 f ie lds .  Twelve of the 
f i e lds  were on farmerst land i n  Wood, Henry ,  and ki l ton  counties. The 
other f i e l d  was on the Ohio Agricultural merimen* Station Sand Farm 
near Bowling Green. S i t e s  on farmers1 PSelds were selected t o  represent 
the different methods of preparing land fo r  corn planting. The Sand 
Farm site was used t o  eva3.uate the ef fec t  of windblown sand abrasive 
injuries t o  corn, sugar beets, and tcanatoes. 

Soi l  samples were also taken from eight sites i n  Wood and Henry 
counties and sent t o  Manhattan, Kansas, for  determination of basic w i n d  
erodfbility index S t  values. 

The s o i l s  used in t h i s  study are described as follows: 

Capability 
unit; Soil type 

IIIs855 Ottokee loamy 
f ine  sand 

111w938 Granby loamy 
f ine sand 

Associated with dune, sand knolls and ridges, 
or  nearly level  topography i n  lake plains; 
thickness of sandy material exceeds 48 inches; 
light-colored, acid, moderately well drained, 
rapid penneabiltty, severe drouth hazard and 
subject t o  wind erosion. 

Associated with nearly level  t o  slightly 
depressed areas i n  g lac ia l  outwash and lake 
plains; dark-colored, nonacid, poorly drained, 
severe wetness hazard. 



Oakvi3,le f ine  
sand 

Colwood silt 
lo&m 

spinks loamy 
f ine  sand 

Tedrotf lomy 
sand 

Portable Wind -el Tests 

Occur on outwash plains, moraines, low sand 
dunes, and beach ridges; slopes f r o m  0 t o  25 
percent; light-colored, nonacid, well drained, 
severe drouth hazard and subject t o  wind ero- 
sion. 

Occur on nearly level d e p r e s s i o ~  areas on 
outwash and Lake plains; slopes from 0 t o  2 
percent; dark-colored, nonacid, poorly drained, 
moderate wetness hazard. 

Occur on gently undulating o r  sloping till or 
outwash plains; light-colored, acid, moderately 
well drained, severe drouth hazard and subject 
t o  wind eroslon. 

Occur on 
areas i n  
somewhat 
hazard. 

Triplicate wind tunnel t e s t s  

low dunes and ridges or  nearly level  
lake plains; l i a t - co lo red ,  a d d ,  
poorly drained, moderate wetness 

were made on each s i t e  and a t o t a l  of 
84 separate t e s t s ,  42 on farmerst f i e lds  and 42 on the  Sand Faxm plots,  
were conducted during the period May 22-26, 1967. Most of the t e s t s  were 
run with wind applied perpendicular t o  rar direction; however, both per- 
pendicular and pa ra l l e l  t o  row t e s t s  were conducted on two of the  farmerst 
f i e lds  and on the  corn and tomato p lo ts  on the Sand Farm. Wind velocity 
through the center of the tunnel was approximately 38 m.p .h. On slightly 
and moderately erodible f i e lds  the wind was applied u n t i l  erosion ceased. 
Four minutes was required f o r  the  sUmeaee t o  s tabi l ize.  On highly erod- 
ible fields, weight of soiL removal at  the  end of three successive time 
periods (3, 6 ,  and 9 minutes) was determined and the t o t a l  amount of 
erosion was then estimated from extrapolation of the  trend l i n e  of s o i l  
loss  with time. 

When wind velocity in the  center of the tunnel duct is held con- 
s tant ,  the wind force applied t o  the  t e s t  surfaces varies with roughness. 
Soil loss  before a surface becomes stabi l ized varies with surface drag 
t o  the  2.5 power (8). This power function of soi l  loss  with surface drag 
was used t o  adjust a11 losses to  a c o m n  wind force level of 3,000 pounds 
per acre which is  equal t o  the drag exerted by a wind of about 85 m.p.h. 
measured at  the 50-foot elevation blowing over a re la t ive ly  smooth field 
with a roughness ZO of 0.005 foot. 

An aerodynamic roughness of t e s t  surfaces expressed i n  terms of 
"ridge roughness equivalent'' was determined f ron pressure relationships 
measured i n  the  tunnel (13). The "ridge roughness equivalent" K t  i n  the  



w M  erosion equation (12)  i s  an equivalent roughness based an the height 
of ridges composed of fine gravel 2 t o  6.4 mm. i n  diameter and having a 
height-spacing r a t i o  of 1: 4. Its value depends on many factors  such as 
height, length, density, quality of vegetative cover, and the s ize  and 
shape of clods, ripples, and ridges. Ridge roughness was also estimated 
by making a l inea r  measurement of roughness t o  obtain a fac tor  

which w a s  then converted to Kt frcrm charts included with the wind erosion 
equstion (12)  and used in the  equation t o  compare soil losses as detenained 
with the  tunnel with those calculated f r o m  the wind erosion equation. 

Semiportable Wind Turnel Tests 

I n  addition t o  i ts use on field tests, the portable wind tunnel 
was used a t  the  Manhattan, Kansas, headquarters t o  determine the  basic 
wind erodibi l i ty  If f o r  representative s o i l s  from eight s i t e s  i n  north- 
western Ohio. The re la t ive  wind tunnel e rodibi l i ty  index Iw = 10 x&, 
i n  which XI is  the  quantity eroded when the soil contains 60 percent by 
weight of clods greater than 0.84 mm. and X2 f s the quantity eroded under 
the  same set of conditions frcm s o i l  containing any other proportion of 
clods greater than 0.84 mm., was determined by placing the s o i l s  i n  5-foot- 
long by 0.5-foot-wide trays and exposing them t o  a drag velocity of 61 cm. 
per second i n  the  wind tunnel. The relative f i e l d  erodibi l i ty  o r  soil. 
e rodibi l i ty  It used i n  the wind erosion equation was then computed from 
the relationship 

Detailed theory and background f o r  determination of erodibi l i ty  I t  is  
given in a previous publication (2). 

Soil and Residue Sampling 

So i l  and residue samples were obtained for each wind tunnel test 
during the wind tunnel runs. General procedures were as follows: 

(a) Crop residue weight. --Crop residues on the s o i l  surface were 
collected from a 1-square-meter quadrant, bagged, washed, 
ovendried, and weighed. 



Soi l  moisture content. --From 8 t o  10 subsamples of the sur- 
face half-inch of s o i l  were collected randamly adjacent t o  
each wind tunnel. s i t e .  The samples were mixed and the moisture 
content deterrmined gravimetrically. 

Nonerodible s o i l  fraction.--Random subsamples of the surface 
inch were collected with a f l a t  pan a t  each wind tunnel run 
site. A 4-pound subsample was weighed and placed i n  sn 0.64 
mm. rotazy steve. The sieve was turned at the ra te  of one 
rotation per 2 . 5  seconds fo r  f ive  t o t a l  revolutions. Material 
remaining i n  the sieve was weighed and reported as the percent 
nonerodible fraction. 

Composite s o i l  samples of about 150 pounds were taken under a i r -  
dry conditions t o  a depth of 1 inch from each of the eight s i t e s  used t o  
determine erodibi l i ty  index I t .  The sanples were placed i n  large wooden 
trays t o  prevent pulverization and were transported t o  Manhattan. Each 
sample was s p l i t  in to  three parts.  Two parts  were used t o  prov%de material 
fo r  running replicated wind tunnel tests and the th i rd  part was used t o  
determine size distribution of dry aggregates o r  clods with an autoxnatic 
rotary sieve used regularly i n  t h i s  work (1). 

Plant Growth and Crop Yield Data 

Same plant growth and crop yield data were obtained from the wind 
tunnel s i t e s  on the Jones and Sad farms. The Jones farm sites were layed 
out i n  66-foot north-south str ips.  Corn was planted on May 4, 1967, i n  
40-inch rows. The no-tillage planter was used on the unti l led land. The 
conventional planter and the  "sidewinder" till p l a t e r  were used on the  
s t r ip- t i l lage  areas. Yield samples were taken on October 24, 1967, by 
hand-harvesting the  corn on each wind tunnel site and on an adjacent check 
s i t e  on each t i l l age  treatment on the Spinks so i l .  

The Sand Farm plots  were 7 feet wide an& ranged i n  length from 30 
t o  84 fee t .  Sugar beets were planted in 40-inch rows with a 4-row planter 
with beet attachment. Corn was planted with a conventional 4-row planter 
i n  both t i l l e d  and no-tillage areas i n  40-inch rows a t  a population of 
24,000 seeds per acre. Tomatoes ( ~ e i n z  2198) had been transplanted into 
5-foot rows with 1-foot spacing between plants on May 18 but a strong 
wind on May 20 ruined these plants. New tomato plants were planted just 
prior  t o  the tunnel runs but these plants were quite wilted a t  the time 
of the t e s t s .  Plant height measurements were made on the corn plots  imme- 
d ia te ly  after the  tunnel t e s t s  and at 2 and 6 weeks a f t e r  the runs. Yields 
were measured on September 26, 1967, on the  corn plots which had been 
subjected t o  parallel-to-row tunnel t e s t s  by hand-harvesting the 30 feet 
of row covered by the tunnel. An ad3acent row was harvested as a check. 
Since tomato plants varied greatly i n  height, only survival counts were 
made immediately a f t e r  tunnel runs and 2 weeks l a t e r .  No tomato yield 
or  sugar beet survival or  yield was taken. 



Results 

Precipitation and Wind Movement 

Figure 1 shows average and 1$7 ra in fa l l  and wind movement f o r  

Toledo, Ohio, the closest weather station t o  the study with cemrplete 

records. The high wind mwement f o r  November through Apri l  when many 

f i e l d s  are bare, freezing and thawing occurs, and r a i n f a l l  from November 

through February i s  low makes t h i s  period the most c r i t i c a l  f o r  wind 

erosion. 

Wind movement f o r  1.967 was below the 78-year average. While con- 

clusions cannot be drawn from 1 yearts  data, t h i s  lower velocity during 

1967 would seem t o  dispute the  popular opinion tha t  removal of woodlands 

and other natural obstacles t o  wind has resulted i n  higher wind veloci t ies  

i n  recent years. 

Monthly Climatic Factors 

Table 1 shows monthly climatic factors f o r  24 counties i n  north- 

western Ohio. These factors  are very low compared t o  the Great Plains and 

other more a r id  regions. This can be interpreted as indicating tha t  the  

area has a very low potent ial  wind erosion hazard which would be expected 

where precipitation is fa i r ly  uniformly dLstrLbuted throughout the year 

and averages about 31 inches annually. The wind erosion tha t  does occur 

i n  northwestern Ohio results from (a)  many of the  s o i l s  being extremely 

sandy and the microlayer on top dryfng quickly, (b) many f i e l d s  locate& 

on knolls where they are subjected t o  lYLaximum wind shear stresses,  and 

( c )  the nature of crops grown and t i l l a g e  methods used which leave the  





Table 1.--Monthly climatic factors C for 24 counties in northwestern 
Ohio . 

County 

W i l l i a h l s  

Defiance 

Pauldtng 

Van Wert 

Fulton 

Henry 

Putnam 

Allen 

Lucas 

Wood 

Hancock 

Hardin 

Ottawa 

Sandusky 

Seneca 

Wyandot 

Maxion 

Crawford 

Erie 

Huron 

Richland 

Lorain 

Ashland 

Morrow 

- 
Oct . - 

5 

5 

5 

5 

5 

5 

5 

4 

5 

5 

5 

4 

5 

5 

5 

5 

4 

5 

5 

5 

4 

5 

4 

4 - 

kc. 

8 

8 

8 

7 

9 

9 

8 

7 

10 

10 

6 

5 

10 

8 

6 

5 

5 

5 

8 

7 

5 

8 

5 

5 - 



f i e lds  bare and vulnerable during times af the year when wind veloci t ies  

are highest. 

The highest values of the monthly climatic factors  (10 t o  12) 

occur i n  the  period from December through April and t h i s  is  the period 

f o r  which wind emsion control practices should be designed. 

Prevailing Wind Erosion Direction 

Figure 2 shows direction, magni%ude, and preponderance of wind 

emsion forces a t  six locations i n  Ohio. It is  apparent tha t  the magni- 

tude of wind erosion forces, which is the s m  of the magnitudes of wind 

erosion force vectors for  all directions and indicates the re la t ive  

capacity of the wind t o  cause s o i l  blowing, is two t o  three times greater 

f o r  the Toledo area than f o r  other locations. Also, the magnitude fo r  

Toledo i s  greatest f o r  the months of November through April with March 

being exceptiona1l.y high. 

The direction arrows f o r  Toledo on figure 2 show that  the winds 

during the period November through April m e  from a W-SW to S W  direction 

and the ra t ios  f o r  para l le l  t o  perpendicular winds aze suf'ficiently large 

t o  indicate tha t  barrLers would be most effective i n  the area if oriented 

a t  r ight  angles t o  the direction arrows or  i n  a NW-SE direction. 

Wind Erodibili ty I' 

Figure 3 and table  2 show the results of the semiportable tunnel 

t e s t s  t o  determine wind erodibi l i ty  It fo r  representative northwestern 

Ohio so i l s .  Figure 3 indicates tha t  the Ohio s o i l s  are potent ial ly more 

erodible than the Great Plains s o i l s  and therefore table 2 of %his report 



a Magnitude 

?i 

TOLEDO. OHIO 

l * r B 1 * . r r L * f i  
J F M A M J J A S O N D  

Figure 2.--Direction, mftrmitude, arrd preponderance (ratio) of wind erosion 
forces at six locations in Ohio. Arrows indicate predominant 
direction of winds. The magnitude of wind erosion forces indG 
cates the relative capacity of the wind to cause soil blarinp;. 
Preponderance i e  a measure of the prevalence in the w i n d  erosion 
direction and the larger the ratio the greater the prwalence. 



Figure 3.--Cnnparison of soil erodibUity Is forOhio and Great PlaFns 
soils 



should be used rather than table  1 of the wind erosion equation publica- 

t ion  (12) when applying the equation t o  Ohio conditions. The importance 

of this can be seen Lf f i e l d  length and residue conditions are assumed 

and the  equation is applied t o  two of the Ohio sites tha t  were sampled. 

Table 2.--Soil e rodibi l i ty  I' f o r  Ohio f o r  s o i l s  with different  percentages 
o f  nonerodible fract ions as determined by standard dry sieving. 

Percentage of dry 
s o i l  fractions 

> 0.84 m. 
Units -> 0 
Tens 

+ 
---I-n---ULII---YuIn-u-- Tons/A. ------------------------ 

0 I.-- 31~0 295 270 255 242 232 225 220 215 

LO 210 205 zoo 197 1 9  190 187 184 182 180 

20 178 175 172 170 168 165 163 161 159 156 

30 154 152 150 1.48 145 142 140 137 134 130 

40 128 125 122 118 115 uz 109 105 1.02 98 

50 95 91 89 86 83 78 76 73 68 65 

60 61 57 53 49 45 42 39 35 32 30 

70 26 24 22 l g  16 14 1 2  9 7 5 

80 2 0 -  "-1 1-1 "U- --u --- 0"" -.I-. --- 

Wood s i t e  5.--Table 2 of t h i s  report indicates an It value of 304 

f o r  the 1.8 percent fractions greater than 0.84 mm. i n  diameter in t h i s  

s o i l  but table 1 of the wind erosion equation publication (12)  indicates 

an I t  value of 262 f o r  t h i s  same cloddiness condition. I f  we assumed a 

f i e l d  with an Lf equal t o  114 mile, a Kt equal t o  1.0, and 700 pounds 

per acre of residue and calculated E with the equation using a C t  of 10 

f o r  northwestern Ohio, w e  would get 13 tons per acre with an If value of 



304 and or i~y 1.0 tons per acre with an I' value of 262. Use of I' values 

from the  Great Plains table wodd therefore cause us t o  underestbmte 

the potential  s o i l  loss  by about 23 percent. Conversely, i f  we used the 

equation t o  determine the amount of resid-ue or  width of s t r i p  needed t o  

reduce s o i l  loss  t o  a tolerable amount of 1.0 ton per acre, we would cal- 

culate LOO pounds per acre short on the  residue needed and 7 fee t  too  

wide on width of strip. 

Green Springs 1.--Table 2 of t h i s  report indicates an I* value 

of 140 f o r  the 36 percent fract ions greater than 0.84 m. i n  diameter 

i n  t h i s  s o i l  but table 1 of the wind erosion equation publication (12) 

indicates an It value of 63 f o r  t h i s  cloddiness condition. Again, i f  we 

assume the same field size, roughness, residue, and climatic condition 

as f o r  Wood s i t e  5 and calculate s o i l  loss  with the equation, we get 5.0 

tons per acre with an It value of 140 and only 1.4 tons per acre with an 

I' value of 63, o r  using Great Plains If values, underestimate s o i l  loss  

by about 72 percent. Conversely, i f  w e  used the  equation t o  determine 

amount of residue or width of s t r i p  needed t o  reduce s o i l  loss  t o  a to ler -  

able amount of 1.0 ton per acre, we would c&culate 300 pounds per acre 

short on residue and about 800 fee t  too vide on width of s t r ip .  Thus, 

even though the potential erosiveness of t h i s  site i s  considerably lower 

than on Wood site 5, the errors  that could be caused by applying the Great 

Plains IT values t o  Ohio are extremely Urge.  

I n  conclusion, i-i; seems quite apparent that the Ohio s o i l s  are 

potent ial ly more erosive than Great Plains so i l s  and it is advisable t o  

use It values determined from Ohio s o i l s  (table 2)  when applying the  wind 

erosion equation t o  Ohio conditions. 



Erosion f r m  Farmers Fields 

Measured s o i l  losses.--Photogra2hs of conditions of each of the 

12 s i t e s  on farmers' f i e lds  on which 42 wind tunnel t e s t s  were conducted 

are sham on Appendix pages 37 t o  48. A summary of information re la t ive  

Lo location, cropping, s o i l  characteristics,  and amount of s o i l  eroded 

i n  the portable tunnel is  given f o r  each s i t e .  Complete infomation f o r  

each of the 42 tunnel t e s t s  is given i n  Appendix Table 1, page 49. 

Conditions f o r  wind tunnel tes t ing  were not ideal  i n  Ohio in May 

1-96?. A cool, wet spring had delayed crop growth and many of the s o i l s  

were not dry enough t o  be i n  a highly erodible cmdition. Average s o i l  

losses from the  farmers1 f i e lds  ranged Pram zero t o  181 tons per acre 

with one of the individual repl icates  on the Ottokee loamy f ine  sands on 

plowed corn ground going as high as 386 tons per acre. 

The wind tunnel soil loss  data indicate that; plowing and a s k i n g  

f o r  corn i s  a poor practice i n  northwestern Ohio f r o m  the standpo%nL of 

controlling wind erosion. Soi l  losses from land prepased %n t h i s  manner 

were many times greater than losses f r a n  unt i l led cornland o r  from land 

which had been prepared with the  sidewinder or  power disk. X t  is a lso  

evident from t e s t s  on plowed, disked, and planted cornland on the  Jones, 

Westhoven, and Chambers farms tha t  Spinks and Ottokee loany f ine  sands 

are fa r  more susceptible t o  wind erosion than the Oakville f ine  sands, 

the Tedrar loamy sands, the  Colwood silt  loams, o r  the Granby loamy f ine  

sands. Effects of wina direction re la t ive  to row direction are shown by 

comparison of resul t s  f'rom para l le l  and perpendicular t e s t s  on Ottokee and 

Granby s o i l s  on the Westhoven farm. Tunnel losses from both the  bttokee 



and Granby s o i l s  are approximately three times greater with winds para l le l  

t o  row than from winds perpendicular t o  the row. 

Measured s o i l  losses i n  relat ion t o  surface variables.--Data kx>m 

the 42 wind tunnel t e s t s  on farmerst f i e l d s  were used t o  examhe relation- 

ships between the  dependent variable s o i l  loss  and the independent variables: 

residue, surface roughness, surface s o i l  moisture, and s o i l  cloddiness. The 

IBM 360 Computer was used t o  develop several l inear  and curvilinear equa- 

t ions by multiple regression. The data was analyzed i n  original  arithmetic 

form t o  derive a l inea r  relationship, with camplete logarithmic transfor- 

mation t o  derive curvilinear power functions, and with p a r t i a l  logarithmic 

transformation t o  derive a curvilinear exponential function. 

The l inear  rela-bionship derived accounted f o r  only about 20 per- 

cent of the var iab i l i ty  i n  the  data and therefore was not rel iable enough 

f o r  use i n  predicting ef fec ts  of independent variables. 

The relationship derived a f t e r  complete logarithmic transformation 

was much bet ter  than the  l inear  relationship and accounted f o r  about 85 

percent of the  variabi l i ty .  However, t h i s  analysis indicated a very high 

intercorrelation between clods with s o i l  moisture and residue with rough- 

ness and therefore the contribution of individual variables was somewhat 

dependent upon the order i n  which they were considered i n  the regression. 

If the computer was programmed t o  add variables i n  a stepwise manner by 

contribution t o  sum of squares, then clods and residue were considered 

first and they accounted f o r  nearly a l l  the va r i ab i l i ty  with essent ial ly 

no contribution from roughness and soi l  moisture. However, if s o i l  moisture 

and roughness were considered first, then there was a smaller but more equal 

contribution from each of the  four variables. 



The relationshi-$ derived with p a r t i a l  logarithmic transformation-- 

the dependent variable s o i l  loss  only--and arit 'metic values of the inde- 

pendent variables accounted f o r  about 79 percent of the var iabi l i ty  so 

t h i s  relationship was considerably be t ter  than the lineax but not quite 

so good as  tha t  obtained with complete logarithmic transformation. 

Since there was a strong intercorrelation between surface rough- 

ness and residue, a fourth relationship was derived using logarithmic 

transformations on s o i l  moisture, cloddiness, so i l  loss,  and the product 

of residue times roughness. The relationship derived was 

where E = wind tunnel s o i l  loss  i n  tons yer acre 

A = percent surface clods greater than 0.84 mm. i n  d imete r  

K = surface rouglmess i n  equivalent inches 

M = percent moisture i n  surface s o i l  

R = residue on surface i n  pounds per acre. 

With the computer adding variables stepwise by contribution t o  

sum of squares, the resul t s  were: 

Variable 
--_u_. 

Contribution t o  R~ 

A - ckx~.s 0.3766 
RK - residue x 0.4692 

roughness 
M - moisture 0 

Total R' = 0.8458 
Equation 2 and the other three derived equations a 11 indicated 

a direct ,  posittve relationship between s o i l  loss  and s o i l  moisture and 

also tha t  s o i l  moisture makes a very small contribution t o  R ~ ,  especially 

when cloddiness i s  considered first i n  the regression. It i s  very d i f f i c u l t  



t o  accept t h i s  a s  being r e a l  and it is also d i f f i c u l t  t o  understand the 

high intercorrelation between s o i l  moisture and cloddiness. So i l  loss  

should not increase as  s o i l  moisture increases and it would seem tha t  

s o i l  moisture should have more ef fec t  on soil loss  than the R' indicates. 

Apparen-bly the strong correlation between cloddiness and s o i l  moisture 

i s  due t o  the part iculzr  conditions of these t e s t s .  Many of the f i e l d s  

with the  higher percentage of aggregates greater than 0.84 mm. i n  diameter 

had been freshly t i l l e d  and since the s o i l s  were relat ively wet before 

t i l l age ,  it follows tha t  the surface clods were probably also higher i n  

moisture than normally would be expected i n  surface clods. There is a 

defini te  need f o r  fur ther  study of the role  of surface s o i l  moisture on 

wind erodibi l i ty .  

The high value of the intercorrelation between residue and rough- 

ness is understandable because the  wind tunnel determines roughness by 

measuring its effect  on resistance t o  windflow i n  terms of a pressure 

drop i n  the tunnel duct and i is therefore unable t o  t e l l  the difference 

between residue and s o i l  ridges. Other wind tunnel data has also indf- 

cated a close relationship between R and K (4, 5, 6). 

Since s o i l  moisture contributes very l i t t l e  t o  the regression and 

there i s  some question about the va l id i ty  of the  relationship between 

s o i l  moisture and s o i l  loss  determined from t h i s  study, it is recommended 

that s o i l  moisture be dropped from the estimating equation. It is also 

recommended tha t  the prckkuct RK be used rather  than considering each 

variable individually. The estFmating equation then becomes 

R~ f o r  t h i s  relationship was 0.8458. 



This equation accounts f o r  approximately 85 percent of the  vari-  

a b i l i t y  i n  the data and could be used f o r  estimating wind tunnel e rodibi l i ty  

of f i e lds  in Ohio i f  measurements of cloddiness, residue, and roughness 

were available. Some idea of the  accuracythat could be expected from 

such estimates may be obtained from the  degree of deviation of individual 

measurements of e rodibi l i ty  shown i n  figure 4. It is apparent tha t  the  

estimating equation would tend t o  underestimate both very low and very 

high erosive conditions but would do rather  well i n  predicting erosiveness 

of the intermediate conditions. 

Cogparison of measured s o i l  losses with losses calculated from 

the w i n d  erosion equation.--Table 3 presents a sumnary of average data 

from the three replications of the wind tunnel t e s t s  on each of the 14 

different f i e lds .  The l a s t  two columns are s h m  t o  give some rough idea 

of how s o i l  losses obtained with the  wind tunnel compare with those one 

might calculate with the wind erosion equation, E = f (1' ,Kf  ,C ,Lf ,V). 

Good data for m k h g  these ccsqpaxisons are not available and there 

is  a very defini te  need f o r  more measurements of natural wind erosion 

i n  northwestern Ohio. The wind tunnel determines the erodibi l i ty  of a 

part icular  f i e l d  f o r  the part icular  wind velocity or  shear s t r e s s  applied 

a t  the part icular  f i e l d  condition tested. This erodibi l i ty  is expressed 

i n  tons per acre. The wind erosion equation also determines the erodibi l i ty  

of the f i e l d  f o r  the part icular  f i e l d  conditions but it expresses the 

erodibi l i ty  i n  terms of tons per acre per year. In  other words, the equa- 

t ion  expresses an annual loss  tha t  could be expected from a f i e l d  

i n  the  part icular  climatic area with the  cloddiness, residue, and 

conditions measured. InLerpreLation of wind tunnel data i n  terms . 

located 

roughness 

of annual 





Table 3.--Comparison of measured s o i l  losses with losses estimated from the wind erosion equation on farmers' 
f i e lds  i n  northwestern Ohio. 

Name 
of 
farm 

Jones 
ItTe s thoven 
We stlmven 
Jones 

Jones 
Jones 

Jones 
Westhoven 
Jones 

Westhoven 

Surface condition 
and 

s o i l  type 

Plowed, disked, and planted 
spinks, 1 f s  
Ottokee, l f s  
Gmby, If s 
Colwood, fs l  

3idewinder and planted 
Spinks, 1Ps 
Colwood, f s l  

UntiUed cornland, planted 
Spinks, l fs  
Oakville, U s  
Colwood, fs l  

Plowed 
Tedrow, l fs  

Plowed and raked 
Tedrow, 12s 

Power disked 
O a b i l l e ,  If s 

?lowed, disked, and planted 
Ottokee, lfs 
Granby, lfs 

1- I t So i l  h-actions----- 
> 0.84 m. 

Residue in diameter 
I 

Percent I Inches Tons/A . 
-- Wind 

0 
0 
0 
0 

2,088 
2,419 

3,457 
5,363 
3,200 

0 

0 

1,373- 

?erpendicuLar to row -- 

.___ Wind paxallel t o  row ----- 

I 

4d t o  brad field length according t o  previous publication (3)  and 3; 

Soil l o  
tunnel 

s 
%hxiLated from 

e q w t  ion2/ - 
Tons/A . /Yr  . 

measured i n  cans on Jones faxm by Schmidt. 

2/ Based on field length of 40 rods and climatic factor C 1  = 10 percent. - 
* Assumed roughness K, parallel to row. 



s o i l  loss  requires some information on natural erosion. Annual losses 

expressed by the wind erosion equation are based on a comparison of natural 

losses from a large number of f i e l d s  i n  the Great Plains during 1954-56 

with wind tunnel losses from these sarne f ie lds .  The c l h a t i c  factor  f o r  

the Great Plains i s  about 100. !Phe climatic factor  f o r  Ohio is about 10. 

Therefore, it is not reasonable t o  adjust Ohio wind tunne l  losses t o  annual 

losses on a basis of Great Plains data. The only na%waJ. erosion measure- 

ments available from the same f i e lds  on which tunnel measurements w e r e  

made i n  Ohio are  those by Schmidt on the  Jones r a m  on the plowed and 

untilled Spinks loamy fine sands. Natural losses were determined by bury- 

ing 6-inch-diameter cans i n  the  66-foot-wide t e s t  s t r ips .  Measured losses 

were 1.225 and 0.216 tons per acre per month on plawed and unti l led corn- 

stalks,  respectively. Assuming t h i s  type of catcher t raps only the surface 

creep coming from a s t r i p  0.5 foot wide and 72 f e e t  long (72 fee t  because 

the prevailing wind crosses the f i e l d  a t  2 23 degree angle from perpen- 

dicular),  t ha t  surface creep comprises only about one-fourth of the t o t d  

s o i l  loss  (I&), and tha t  the  Ohio s o i l s  are susceptible t o  wind erosion 

only 5 months of the  year, then the annual s o i l  loss  mounts t o  24.5 tons 

per acre on the  plowed land and 4.3 tons per acre on the unti l led corn- 

stalk land. Wind tunnel losses on these two f i e lds  were 106.9 tons per 

acre on the  plowed land with no residue and 0.1 ton per acre on the  

unt i l led land with 3,457 pounds per acre of residue. The adjusted annual 

wind tunnel losses fo r  plowed land shown i n  the second from last column 

of table  3 were obtained by first converting wind tunnel losses t o  40 rod 

f i e l d  length losses according t o  procedures described by Chepil (3 )  and 

then multiplying these losses by the factor 24.5/106.9 = 0.229. The same 



procedure was also applied t o  the unt i l led cornland on the Spinks s o i l s  

except t h a t  a fac tor  4.3/0.10 = 43 was used. Losses for  f i e l d s  with 

mounts of residue different  than zero o r  3,457 pounds per acre were 

corrected f o r  f i e l d  length, then adjusted by a variable factor  obtained 

by assuming a y = axn relationship between correction factor  w d  mount 

of residue which passed through the  data points (R = 0, Factor = 0.229) 

and (R = 3,457, Factor = 43). 

A climatic factor  C f  of 10 percent was used i n  calculating s o i l  

losses with the  wina erosion equation. The measured IC, values were con- 

verted t o  Kt values by using figure 4 of the  publication by Woodruff and 

Siddoway (12). I' values corresponding t o  the measured s o i l  fractions 

were taken from table 2 of t h i s  report. Field length L' was taken t o  be 

40 rods. 

A comparison of the  l a s t  two columns of table  3 indicates tha t  

close agreement i s  obtained between the  two methods of determining s o i l  

loss  on onlytwo of the cases; however, reasonable agreement is obtained 

on about half the  s i t e s .  Generdly, agreement is best on s i t e s  having 

high wind tunnel e rodibi l i ty  and poorest on s i t e s  with residues or  l a w  

tunnel erodibi l i ty .  The wind erosion equation seriously underestimates 

erodibi l i ty  on only about 2 out of the 14 sites. 

Because of the limited natural erosion data available and the many 

assumptions necessary f o r  its use and the poss ib i l i t ies  f o r  error  Ln 

determining Kr and s o i l  cloddiness, these can only be considered very 

rough comparisons. There i s  a very definite need for  moze data and study, 

part icular ly i n  obtaining same bet ter  idea of natural erosion. However, 

since there is some indication of agreement and since the  wind erosion 



equation only underestimated on about 15 percent of the cases, it is  

believed that it can be used with judgment i n  designing wind erosion 

control practices i n  northwestern Ohio. 

Corn yields, Jones farm.--Yield and stand samples made in October 

1967 on the Jones farm on the plowed, until led, and sidewinder tilled 

wind tunnel s i t e s  and on adjacent check sttes are summartzed i n  table 4. 

Mean corn yields under both sidewinder t i l l a g e  and no t i l l a g e  appear t o  

be higher than on plowed s o i l  on the wind tunnel p lo ts  on the highly 

erosive Spinks soil. Mean yields on the check plots showed an advantage 

f o r  sidewinder t i l l a g e  and were higher than on the  w i n d  tunnel p lo ts  

except with no t i l l a g e .  Yields and plant population fo l lwed  the same 

trends i n  most cases. 

Table 4. --Mean corn yields and stands on wind tunnel and check s i t e s  on 
Spinks s o i l s  on Jones farm. - 

Erosion Tests on the Sand Farm 

Tillage 

NO tillage 

P ~ O W  

Sidewinder 

Measured ra tes  of sand drift.--Photographs of conditions of the 

corn and sugar beets on plowed and untilled plots and the  tomatoes on 

plowed plo ts  a t  the Sand Farm on which 42 wind tunnel t e s t s  were run t o  

evaluate abrasive injurles t o  plants are shown on Appendix pages 50 t o  

54. A summary of information re la t ive  t o  location, crop, soil character- 

i s t i c s ,  a o u n t  of residue, roughness of surface, r a t e  of sand drift, and 

Wind tunnel 

0.1 

55.9 

0.6 

Wind tunnel s i t e  j Check method 
Mean yields 

59.3 

47.3 

61.7 

Mean stands 
s o i l  loss  

( Tons/A. 1 Bu. /A. 

54 7 

51.8 

11.5 

Bu. /A. I Thousand plants/A. 
Wind tunnel site 

16.6 

15. o 

15.6 

Check 

15.8 

1.8.5 

16.4 



plant height and yield where measured is given fo r  each plot .  Complete 

information f o r  each of the 42 tunnel t e s t s  i s  given i n  Appendix Table 2, 

page 55 . 
Because of moist s o i l  conditions and natural wind erosion prior  t o  

the tunnel t e s t s ,  ra tes  of sand dr if t  were extremely low i n  a l l  of these 

t e s t s  and t h i s ,  coupled with the very small s ize of the plants a t  t e s t  

time, resulted i n  l i t t l e  plant damage and inconclusive resul ts .  Rates of 

sand driFt  obtained i n  the tunnel ranged from 0.001 t o  0.046 ton per rod 

per hour which i s  considerably lower than the 0.2 t o  0.6 ton per rod per 

hour known t o  be required t o  cause substantial  injury t o  vegetables and 

used i n  laboratory studies of abrasive damage t o  vegetables (10). 

Measured ra tes  of sand drift i n  relation t o  surface variables.-- - - 
Data obtained from the 42 wind tunnel t e s t s  on the Sand Farm were also 

used t o  examine relationships between the  dependent variable, r a t e  of 

sand d r i f t ,  and the  independent variables: surface roughness, surface 

s o i l  moisture, and s o i l  cloddiness. The data were analyzed i n  original 

form t o  derive a l inear  relationship and with cowlete  logarithmic trans- 

formation t o  derive curvilinear relationships. 

The l inear  relationship derived was 

where ER = ra te  of sand d r i f t  i n  pounds per rod per hour 

A = percent surface clods greater than 0.84 mm. i n  diameter 

R = residue on surface i n  pounds per acre 

K = surface roughness i n  inches 

M = percent moishre i n  surface so i l .  

RZ f o r  t h i s  relationship was 0.2457. 
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The relationship derived with complete logarithmic transformation 

of a l l  data was 

With the 

sum of squares, 

computer adding variables stepwlse by contribution t o  

the  resul t s  were: 

Variable Contribution to R~ 

A - clods 0.1122 
R - residue 0 . 1b-49 
K - roughness 0.0453 
M - moisture 0.0084 

Total R~ = 3- 

The curvilinear relationship is  bet ter  than the linear;  however, 

it only accounts f o r  about 31 percent of the va r i ab i l i ty  and therefore 

is too poor t o  be of much value i n  estimating ra tes  of sand d r i f t  from 

surface variables. 1 i s  not c lear  as  Lo why the  relationship between 

sand d r i f t  and the surface variables is so much poorer than the relation- 

ship between t o t a l  s o i l  loss and surface variables obtained on the farmerst 

f ie lds .  One possible reason could be tha t  previous natural erosion had 

blown off or  deposited sand on the p lo ts  so tha t  ra tes  of erosion obtained. 

were not i n  t rue  relationship t o  the independent variables. Another c o d d  

be tha t  there was not enough variation in cloddiness o r  residue t o  peMnlt 

evalwtion of t h e i r  influence. Further shdy is defini tely needed i n  

t h i s  area. 

Abrasive in jur ies  t o  plants.--Results frcxn the t e s t s  t o  evaluate 

ef fec t  of blowLng sand on corn and toma-boes are summarized i n  table 5. 

Sugar beets were not large enough at time of t e s t s  t o  sustain d~lmage and 

no yield or  damage data were taken. The data of table $ indicates some 

lessened height of corn about 2 months a f t e r  exposure because of wind 



Table 5.--Smary of results of portable wind tunnel tes-bs a t  Sand Farm, Bowling Green, Ohio, 
t o  evaluate abrasive damage t o  corn and tcpaatoes. 

Crop, land preparation, and 
t ime of exposure 

Corn - plowed, harrowed, and planted 
3-minute exposure 
6-minute exposure 
9-minute exposure 
Check 

Corn - no t i l l a g e  
3-minute exposure 
Check 

Tomatoes - plmred, harrowed, and plan'L;ed 
3-minute e,vosure 
6-minute exposure 
9-minute e m s u r e  
Check 

Corn - plowed, harrowed, and planted 
3-minute exposure 
Check 

Corn - no t i l l a g e  
3-minute exposure 
Check 

Tomatoes - plowed, harrowed, and planted 
6-minute exposure 
Check 

Abrasive I Plant height' I 

---- Wind perpendicular t o  row ---- 

flux 

----...-- Wind para l le l  t o  row 

on July 7 1 Yield Survival 
Percent 

--- 
- I-  

-.-- 

- - - 

u-- 

--- 

72 
53 
36 
49 

-.I.. 

- 0 -  

.I--. 

.I-- 

67 
49 

Tons/rod/hr . Cm . 1 Bu./A. 
I t 



and blowing sand but there is  no defini te  indication of reduced yield. 

Plant heights were s l ight ly  l e s s  on the  no-tillage perpendicular plots. 

However, on pa ra l l e l  plots ,  no-til lage corn showed s l igh t ly  higher growth 

both on the  wind tunnel p lo ts  and the nonblotim check plots .  Tomatoes 

indicate a reduced percent sumrival with increased time of exposure t o  

wind and sand but the check has a lower surviva3 than the  exposed plants, 

thus casting some doubt on the va l id i ty  of the resul ts .  

The general inconclusiveness 09 these data because of problems of 

small and wilted plants at time of t e s t ing  and the  very low abrasive fluxes 

used c lear ly  indicates E need f o r  further study. Additional t e s t s  should 

be mn f o r  longer periods of time, probably three times longer than the 

3-, 6-, and 9-minu-i;e tests i n  this study. They should only be run on 

plots  which have not been subjected t o  natural erosion, where plants are 

of suff icient  s i ze  t o  sustain damage, and when the s o i l  i s  dry enough so 

tha t  it can be completely pulverized t o  assure a constant source of abrasive 

materia3 f o r  the dura%ion of the  t e s t  period. 

Field and laboratory investigations designed t o  gain specific 

information on the  various factors  influencing erodibi l i ty  of cu-l-tivated 

lands i n  northwestern Ohio were carried out i n  1967. The study included: 

(a)  Analysis of climatic data, (b) erodibi l i ty  t e s t s  using a portable 

wind tunnel, ( c )  analysis of s o i l  and residue factors related t o  erod- 

i b i l i t y ,  and (d) assessment of e f fec ts  of abrasive damage on plant growth 

and crop yield. 



The highest wind veloci t ies  occur .during the  period November through 

April when many f i e l d s  are bare, freezing and thawing has pulverized the 

so i l ,  and ra in fa l l  from November through February i s  low, thus making t h i s  

the most c r i t i c a l  period f o r  wind erosion i n  northwestern Ohio. 

Monthly climatic factors  are low in compazison t o  the Great Plains 

with a maximum of on ly  10 t o  12 percent during the  period November through 

April. The wind erosion hazard therefore is re la t ive ly  low f o r  the area 

and what does occur i s  due t o  extremely sandy soi l s ,  knolls, and because 

of the intensif ied t i l l a g e  and cropping practices used. 

Toledo, Ohio, the  closest weather s tat ion t o  the study area, has 

a magnitude of wind erosion forces or  capacity of wind t o  cause s o i l  

blowing t h a t  i s  two t o  three times greater than f o r  other locations i n  

Ohio. The period November through April  is  the highest. Direction data 

and ra t ios  of parallel to perpendicular winds indicate tha t  barr iers  would 

be most effect ive if  oriented i n  a NW-S3 direction. 

Northwestern Ohio s o i l s  are potent ial ly more erosive than Great 

Plains so i l s .  I' values f o r  s o i l s  with given percentages of s o i l  frac- 

t ions greater than 0.84 mm. i n  diameter were higher than f o r  Great Plains 

so i l s .  Use of table 2 i n  t h i s  report, wllich gives I' values i n  relat ion 

t o  f'ractions greater than 0.84 m. i n  diameter, is  recommended when applying 

the  wind erosion equation t o  northwestern Ohio conditions. 

Portable wind tunnel t e s t s  indicated tha t  plowing and disking is 

not a good way t o  prepare land f o r  corn planting i n  northwestern Ohio i f  

wind erosion control is desired. Planting i n  unt i l led cornstalks, power 

disking, or "sidewinder" t i l l a g e  provides much bet ter  wind erosion control. 

Spinks and Gttokee loamy f ine  sands are far more susceptible t o  wind erosion 



than Oakville f ine  sands, Tedrow loamy sands, Colwood silt  lo-, o r  

Granby loamy f ine  sands. It is be t t e r  t o  plant rows perpendicular t o  

prevailing wind erosion direction (w-STJ) i f  a t  a l l  possible. Tunnel 

losses were nearly three times greater with parallel-$0-row winds than 

with perpendicular-to-row winds. 

A number of multiple regression eqwtions expressing wind tunnel 

s o i l  loss  as a function of the  independent; variables: roughness, cloddi- 

ness, surface s o i l  moisture, and amount of residue were developed. 

Relationships between s o i l  loss  and s o i l  moisture were not good; however, 

several curvilinear relationships were developed which accounted f o r  79 

t o  85 percent of the va r i ab i l i ty  2n data. A somewhat simplified equation, 

E = ~ ~ , I . ~ o / A ~ * ~ ~ ( R K ) ~ * ~ ~  where A is  s o i l  cloddiness, R is  amount of res i -  

due, and K i s  surface roughness, accounted f o r  about 85 percent of the 

var iab i l i ty  and is  recommended f o r  use if  estimates of wind tunnel erod- 

i b i l i t y  were t o  be made on northwestern Ohio soi l s .  

Good data f o r  making comparisons between s o i l  losses measured by 

the  wind tunnel and those calculated with the wind erosion equation are 

lacking; however, cowarisons based on limited natural wind erosion data 

obtained by Schmidt indicated close agreement between the two methods i n  

2 out of 14 cases and reasonable agreement on half the s i t e s .  The wind 

erosion equation seriously underestimated erodibi l i ty  on only 2 out of 

the 14 s i t e s .  More data and study are needed; however, it is believed 

t h a t  the wind erosion equation can be used with judgment i n  designing 

wind erosion control practices i n  northes-bern Ohio. 

Results of t e s t s  t o  evaluate effects of windblown sand on corn, 

sugar beets, and tomatoes were inconclusive because of wet so i l s ,  low 



ra tes  of abrasive f l u ,  and small and wilted plants. Limited data showed 

some lessened height of corn about 2 montlns af'ter exposure because of wind 

and blowing sand but there is  no defini te  indication of reduced yield. 

Tomatoes indicated a reduced percent surviva with increased time of expo- 

sure t o  wind and sand but the  check with no wind had a lower survival than 

the exposed plants, thus casting some doubt on the va l id i ty  of the resul t s .  

More study is  needed a f t e r  considerable redesign of t e s t  procedures. 

Recommendat ions 

1.--Farmers in northwestern Ohio should be encouraged t o  use the  

no-tillage-plant, the sidewinder-plant, or the  power-disk-plant methods 

of planting corn rather  than the plow-plant method i f  they wish t o  control 

wind erosion. 

2.--Wind erosion control practices i n  northwestern Ohio should be 

designed f o r  the period November through April because erosion hazard i s  

highest dwing t h i s  period. 

+-If a t  a l l  possible, stripcrops, windbreaks, and crop rows 

should be oriented i n  a MNW-SSE direction t o  be perpendicular t o  the 

prevailing WSW wind erosLon direction. 

' 4.--Intensive wind erosion control practices should be applied 

t o  the Spinks and Ottolree loamy f ine  sands, especially t o  knolls and 

hi l l tops,  because they are  f a r  more susceptible t o  wind erosion than 

the other s o i l s  i n  northwestern Ohio. 

5.--The wind erosion equation can be used with judgment and common 

sense t o  design wind erosion control practices i n  northwestern Ohio. 

Monthly C'  factors  and the  It values determined i n  t h i s  study should be 

used. 



6,--More research e f fo r t  should be exr~ended t o  obtain be t ter  measure- 

ments of natural. wind erosion tha t  occurs with different  farming practices 

on different  s o i l s  in northwestern Ohio. Soil  catchers should be placed 

i n  large f i e lds  and numbers of days with blaring sand should be tabulated. 

7.--Additional portable wind tunnel t e s t s  should be conducted i n  

Ohio on farmerst f i e lds  t o  verify resul t s  of t h i s  study. The t e s t s  should 

be run on most of the s o i l s  included i n  th i s  study and on any additional 

s o i l s  where wind erosion i s  a problem. 

' 8. --There i s  some question about the des i rabi l i ty  of attempting t o  

run additional tunnel t e s t s  t o  evalwte  abrasive injury t o  crops because 

of the d i f f i cu l t i e s  of obtaining plants 0-2 the r ight  size a t  the  r ight  

time, providing ~ r o t e c t i o n  from natural erosion, and obtaining a suff i-  

c ient ly  serious erosive condition t o  provide a constant supply of abrasive 

material. I f  these obstacles can be overcome, then it i s  recommended tha t  

additional t e s t s  involving fewer p lo ts  and longer periods of exposure t o  

blowing sand be run. 
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Tiiesthoven Farm ( ~ e c s  . 21 and 22, Washington T. ), Henry County, Ohio. 

Soi l  Unit: HN-53 Capability Unit: ~ ~ ~ 8 5 5  Soil Type: Ottokee loamy 
fine sand 

May 22, 1967. Field plowed and planted t o  corn with surface planter. 
One t o  2 inches of dry, loose, white to yellow erodible sand on surface. 
A f e w  f r ag i l e  clods on surface. No resLdue. Test s i t e  did not s t a b i l i z e  
i n  9 minutes--average estimated time t o  s t a b i l i z e  from projection of r a t e  
data was 59 minutes. Field topography was undulating with bolls with 
exceedingly high erosion potential. a t  time of t e s t .  

Surface Conditions: 

Residue R 0 lbs./acre 
Ridge roughness K t  perpendicular 1.6, para l le l  1.2 inches 
Soi l  fractions greater than 0.84 mm. 8.5 percent 
Moisture content of surface soil 0.8 percent 
Soi l  eroded i n  tunnel parallel t o  row 181.1 tonslacre 
Soi l  eroded i n  tunnel perpendicular t o  row 55.9 tonslacre 



Westhoven Fa= ( ~ e c s  . 21  and 22, Washington T. ), Henry Corn-cy, Ohio. 

S o i l  Unit: Capability Unit: 1I.Iw938 Soi l  Type: Granby loamy 
f ine  sand 

May 22, 1967. Field plcnred and planted t o  corn with surface planter. 
About 1 inch of dry, moderately loose, dark-colored sand on surface. 
Some' clods of medium s tabi l i ty .  No residue on surface. Test site stabi- 
l ized i n  4 minutes. Field s l ight ly  undulating i n  topography with no 
pronounced knolls. Erosion potential  of field a t  time of t e s t  was 
moderate. 

Surface Conditions : 

ResSdue R 0 lbs./acre 
Ridge roughness K t  perpendicular 2.0, para l le l  1.1 inches 
So i l  f ract ion greater than 0.84 mra. 31.5 percent 
Moisture conten-bof surface s o i l  2.5 percent 
So i l  eroded i n  tunnel para l le l  t o  row 3 . 2  tons/acre 
So i l  eroded i n  -tunnel perpendicular t o  row 0.7 tonlacre 



Westhoven Farm (sees. 23, and 22, Washington T . ) , Henry County, Ohio. 

Soil Unit: HN--52 Capability Unit: IVs935 Soil Type: O-Ue fine 
L----.---.l 

sand 

May 22, 1967. Untilled cornland. Soi l  surface firm and s l igh t ly  crusted. 
Few surface clods but good roughness from cultivation of last corn crop. 

- - Cornstalks and some weed growth provide excellent residue cover. Test 
s i t e  stabilized i n  4 minutes. Field at sl ightly higher elevation than 
other parts of farm with uniform sLope north to south. This field i s  

- rated slightly susceptible to wind erosion. 

Surface Condi-bns: 
- 

Residue R 
Ridge roughness Kt 
Soi l  fractions greater than 0.84 mm. 

- Moisture content of surface s o i l  
Soi l  eroded in t u n n e l  perpendicular t o  row 

5,363 ibs . /acre 
4.0 inches 
11.2 percent 
4.8 percent 
0.3 ton/acre 



BTesthoven Farm 2 1  and 22, IJashington 

Soi l  Unit: HN-52 Capability Unit: 3Ns935 

T . ), Henry County, Ohio. 

S o i l  Type: Oakville f ine  
sand 

May 23, 1967. Cornland t i l l e d  with power disk. Surface s o i l  loose but 
dry t o  only 1/2- t o  1-inch depth. Moderately rough due t o  mounds and 
depressions caused by disk .  Some coms-ta,lk residue mixed on surface 
provides only moderately effective vegeta-tive cover. Test sLte stabi- 
l ized  i n  4 minutes. Field a t  s l ight ly  higher elevation than other 2arts 
of farm with uniform slope north t o  south. This field i s  rated moderately 
susceptible Lo ~ i n d  erosiono 

Surface Condttions: 

Residue R 
RLdge roughness K 
Soil fractions greater than 0.84 mm. 
Moisture content of surface s o i l  
Soi l  eroded in tunnel perpendicular t o  row 

1,371 lbs  ./acre 
2.2 inches 
4.4 percent 
1.9  .percent 
3.4 tons/acre 



Jones Farm (%I? 114 sec . 33, Chesterfield T . ) , Fulton County, Ohio. 

Soil Unit: Capability Unit: 111608 Soi l  Type: Colwood s i l t  
loam 

May 23, 1967. Untilled cornland. Planked with surface planter.  S o i l  
surface dark-colored, firm, s l igh t ly  crusted, and moderately dry. Mod- 
era te ly  rough from cul t ivat ion of previous corn crop. Good residue 
cover of f la t tened cornskalks. Field i n  lee of hill t o  south and a t  a 
considerably l o ~ ~ e r  eleva-tion than surrounding te r ra in .  Tunnel erosion 
essent ia l ly  zero. Field rated as not susceptible t o  wind erosion. 

Surface Conditions: 

Residue R 
Ridge roughness K t  
Soi l  f ract ions greater than 0.84 mm. 
Moisture content of surface s o i l  
So i l  eroded i n  tunnel perpendicular t o  row 

3,200 ibs  . /acre 
2.7 inches 

82.3 percent 
11.7 percent 

0 tonslacre 



Jones Farm (MW 114 sec . 33, Chesterfield T. ) , Fulton County, Ohio. 

Soil  UnLt:  Capabbility Unit: IJXs855 Soil Type: Spinks Loamy 
f ine  sand 

May 23, 1967. Untilled cornland. Planted with surface planter. Soil 
surface light-colored, loose and dry t o  112- to 1-inch depth. Moderately 
rough from cult ivat ion of previous corn crop. Fair residue cover of 
flattened cornstalks. T e s t  si-te on slope and near top of steep knoll. 
Test s i t e  stab-ilized i n  4 minutes. Tunnel erosion ra tes  low due t o  mois- 
ture near surface and residue cover but field rated as g y  susceptible 
to wind erosion. 

Surface Conditions: 

Residue R 3,457 lbs . /acre 
Ridge roughness K t  2.1 inches 
Soil fractions greater than 0.84 mm. 7.5 percent 
Moisture content of surface soil 1.1 percen-k 
Soi l  eroded i n  tunriel perpendicular t o  row 0.1 tonlacre 
Corn yield tunnel site 59.3, check--no tunnel wind 54.7 bu./acre 



Jones - Farm 114 sec . 33, Chesterfield T. ), Fulton County, Ohio. 

Soi l  Unit: Capability Unit : 11~855 Soi l  Type: Spinks loamy 
fine sand. 

May 23, 1967. Cornland plowed and planted with surface planter. One 
to 2 inches of light-colored, loose sand on surface. Field drif ted by 
natural winds and i s  essent ial ly smooth. Poor and ineffective residue 
cover. T e s t  site did not stabilize i n  9 minutes--estimated time to 
s tabi l ize  from projection of r a t e  data was 26 minutes. F i e l d  is located 
a t  top of knoll and i s  rated as highly susceptible t o  wind erosion. 

Surf ace Condi"cons : 

Resldue R 0 lbs./acre 
Ridge roughness K t  1.3 inches 
Soi l  fractions greater than 0.84 mm. 4.9 percent 
Moisture content of surface s o i l  0.6 percent 
Soi l  eroded i n  tunnel perpendicular t o  row 106.9 tonslacre 
Corn yield tunnel site 47.3, check-no tunnel wind 51.8 bu./acre 



Jones Farm (IW 114 sec . 33, Chesterfield T. ), Fulton County, Ohio. 

S o i l  Unit: Capability Unit: m 6 0 8  Soi l  Type: Colwood s i l t  
loam 

May 23, 1967. Cornland plowed and planted w i t h  surface planter.  S o i l  
surface loose, dark-colored, with a re l a t ive ly  thin,  dry top layer.  
Some fragile clods. Poor and ineffec-tive residue cover. T e s t  s i te  
s tabi l ized i n  4 minutes. Field located at  lower elevation on lee side 
of fairly steep knoll .  Wind tunnel e rodib i l i ty  low because of moisture 
near surface of so i l .  Field rated as moderately susceptible t o  wind 
erosion. 

Surface Conditions: 

Residue R 
Ridge roughness Kt 
S o i l  f ract ions greater than 0.84 mm. 
Moisture content of surface s o i l  
So i l  eroded i n  tunnel perpendicular t o  row 

0 lbs./acre 
1 .5  inches 

52.6 percent 
8.4 percent 
0 .2  ton/acre 



Jones Farm ( ~ t f  3.14 sec . 33, Chesterfield T. ), Fulton County, Ohio. 

S o i l  Unit: Capability Unit: 111606 S o i l  Type: Colwood s i l t  
loam 

May 23, 1967. Cornland t i l l e d  with "sidewinder" and surface planted. 
Soi l  surface loose and fluffy, dark--colored with few stable  clods. Fa i r  
residue cover of f la t tened cornstalks. T e s t  s i t e  stabiiized i n  4 minutes. 
Win8 tunnel e rodib i l i ty  low because o f  moisture near surface and residue 
cover. Field located a t  low elevation on lee side of f a i r l y  steep knoll. 
Field rated as moderately susceptible t o  wind erosion. 

Surface Conditions : 

Residue R 
Ridge roughness 1C 
S o i l  f ract ions greater than 0.64 mm. 
Moisture conlen-k of surface soil 
Soi l  eroded i n  tunnel perpendicular t o  row 

2,419 l b s  . /acre 
2 . 1  inches 

64.6 percent 
8.6 percent 

0 tonslacre 



Jones Fam (NW 114 sec . 33, Chesterfield T. ) , Fulton County, Ohio. 

So i l  Unit: Capability Unit: 111s855 Soil Type: S p m s  loamy 
fine sand 

May 23, 1967. Cornland tilled with "sidewinder" and surface planted. 
S o i l  surface loose and light-colored with some f rag i l e  clods. Fair resi-  
due cover of cornstallrs. Mind tunnel erodibility low because of moisture 
near surface and residue cover. Field located on slope of knoll a t  
higher elevation than other parts of farm. Field rated as moderate t o  
highly susceptible t o  wind erosion. 

Surface Conditions: 

Residue R 2,088 lbs  . /acre 
Ridge roughness IC 2.2 inches 
Soi l  fractions greater than 0.84 mm. 5.2 percent 
Moisture content of surface s o i l  0.6 percent 
Soil eroded i n  tunnel perpendicular t o  row 0.6 tonlacre 
Corn yield tunnel s i t e  61.7, check- -no tunnel wind 71.5 bu . /acre 



Chambers Farm ( ~ e c s  . 19 and 20, Liberty T. ), Wood County, Ohio. 

Soil Unit: WD-S7 Capability Unit: IITT~~Z S o i l  Type: Tedrow loamy 
sand 

May 25, 1967. Plowed land for  corn. Not planted. So i l  surface cloddy, 
dark-colored, moderately rough, with only 112-inch layer of dry topsoil .  
Poor residue cover. Field level, large, and exposed t o  natural winds. 
Field essential ly nonerodible at  time of test and rated as on24 slightly 
suscept 5. ble t o  wind erosion. 

Surf ace Conditions : 

Residue R 
Ridge roughness K t  
Soi l  fractions greater than 0.84 mm. 
Moisture content of surface s o i l  
S o l 1  eroded i n  tunnel perpendicular t o  row 

0 l b s  ./acre 
1 - 6  inches 

42.7 percent 
5.6 percent 
0.2 tonlacre 



Chambers Farm ( ~ e c s .  19 and 20, Liberty T. ), Wood County, Ohio. 

Soil W t :  \ID-ST Capability Unit: IX1~922 Soil Type: Tedrow loamy 
sand 

May 25, 1%~. Plowed land for corn. Not planted. Surface raked t o  
simulate disking o r  h a x r o t i i ~  of ground prfor  t o  corn planting. Soil 
surface loose, f a i r l y  cloddy, relatively smooth, with only shallow layer 
of dry topsoi l .  Field level, large, and exposed to natural winds.  Mind 
tunnel erodibility low due to soil moisture near surface. Field rated 
as moderately erodible when i n  conditi,on tes"ced. 

Surface Conditions: 

Residue R 
Ridge roughness Ii:' 
Soil fractions greater than 0.84 mm, 
Moisture content of surface soil 
Soil eroded in tunnel perpendicular to row 

0 lbs./acre 
1.2 inches 

52.5 percent 
8.2 percent 
0.3 ton/acre 





Sand Farm (NE 114 Str 112 ST? 114 sec . 16, Plain T. ) , Wood County, Ohio. 

Soi l  Unit: Capability U n i t :  111~855 Soi l  Type: Ottokee loamy 
f ine  sand 

May 24, 1967. Plowed, harrowed, and planted sugar-beet p lo ts  . Beet 
plants have emerged but are very small. Plots were hand-raked t o  break 
crust  and increase erodibility. Same fa%rly stable clods. After raking, 
s o i l  surface contained about 1 inch of dry, loose, light-colored sand. 
No residue. Field i s  on knoll in undvlating terrain. Plots  rated moiler- 
ately susceptible to wLnd erosion. 

Surf ace Conditions : 

Residue R 
Ridge roughness K t  
Soi l  fract ions greater than 0.84 m. 
Moisture content of su.rSace s o i l  
Rate of sand dr i f t ing ,  3-minute-duration 

Plant survival . 

Rate of sand drif t ing,  6-minute-duration 
Plant survival 

Rate of sand drif t ing,  9-minute-duration 
Plant survival 

0 
perpendicular 1.2 

8.6 
1.6 

perpendicular .010 
-.-- 

perpendicular .OX1 
..I-- 

perpendicular -016 

lbs ./acre 
inches 
percent 
percent 
ton/rd. /hr  . 
percent 
ton/rd . /hr . 
percent 
ton/r8-. /hr . 
percent 



Sand Farm (NE 1/4 SIT 1/2 SI.I 114 sec . 16, Plain T. ), Ii700d County, Ohio. 

So i l  Unit: Capability Unit: ID33855 Soil Type: Ottokee loamy 
f i n e  sand 

May 24, 1367. Untilled sugar-beet plots .  Beet plants have emerged but 
are very small. One t o  2 inches of dry, loose, Light-colored sand on 
surface. Considerable sand d r i f t i ng  by natural wind has occurred. Fairly 
good cover composed of soybean residue and weeds. Field is on knoll  in 
undulating terrain. Plot has moderate t o  high wind erosion susceptibility. 

Surface Conditions : 

Residue R 743 lbs./acre 
Ridge roughness K t  perpendicular 1.8 inches 
So i l  fractions greater than 0.84 mm. 8.8 percent 
Moisture content of surface soil 1.5 percent 
Rate of sand drifting , 3-minute-duration perpendicular .002 ton/rd . /hr . 

Plant survival -..- percent 



Sand Farm (m 1/4 

Soil Unit: 

St! 112 SW 1/4 sec. 16, Plain T. ), 'GIood County, Ohio. 

Capability Unit: 11~~855 S O U  Type: Ottolcee loamy - 
fine sand 

May 24, 1967. Plowed, harrowed, and planted corn plots. Corn plants 1 
to 2 inches high. One to 2 inches of loose, light-colored sand on sur- 
face. Some drif t ing of sand by natural. wind. Essentially no residue. 
Field on knoll in undulating terrain. Plots highly susceptible to wind 
eros ion. 

1 T"Jnd direc tion and 6ura"con of emosure I 80- 
- - -- 

P a r U e l  t o  sow I Perpendicular t o  row /win 

Sand d r i f t  , ton/rd . /hr . 
- 

.02 * 
Plant height 7-6-67, cm. 130 .JZ- 

Yield, bu./acre 129.7 * 
Soil water, 3 019 #- 

- Clods>0.%4m. dia.,$ 8.1 * 
Roughness, inches 1.3 * 
Residue, lbs./acre 0 +e 

* NO test or not applicable. 



Sand Farm (TIE 1/4 SF7 1/2 SF? 114 sec. 16, Plain T.),  Wood County, Ohio. 

Soil Unlt : Capability Unit: 11fs855 Soil Type: Ottakee loamy 
fLne sand 

May 24, 1967. Corn planked on unt i l led  land. Corn plant 1 to 2 inches 
high. One to 1 112 inches of loose, light-colored sand on surface. Some 
d r i f t i n g  of sand by natural  wind. Good cover of soybean and weed residue. 
Field on knoll i n  undulating t e r ra in .  Plots  moderately susceptible to 
wind erosion. 

Surface condition 

Sand drift, ton/rd . /hr . 
Plant height 7-6-67, cm. 

Wind direction an6 duratlon of exposure No 

' f %- 

145 ~k 

Parallel to row I Perpendicular to row wind 

Yield, bu. /acre 
* 

* ++ 
Soi l  water, 5 

* 
* * 

Clods > 0.84 mm. dia., O'p 5.7 7.8 * 3C 
Roughness, inches 1.4 * * 
Residue, lbs./acre ,973 * +6 

3 min. 16 rniflS9 min. ; 3 min. $ min.19 min.'(~k.) 
I 

- 
1 t I 

152 
134.1 * 

* 
* 
46 

* NO test o r  not applicable. 
I 



Sand Farm (NE 3-14 Sit? 112 SW 1/4 sec . 1.6, Plain T . ) , Wood County, Ohio. 

Sol1 Unit: Capability U n i t :  11~855 S o i l  Type: Ottokee loamy 
fine sand 

May 24, 1967. Plowed, harrowed, and planted tomato plots. Tomato plants 
were approximately 6 inches high. They were s e t  in the morning of the 
day of t e s t ing  and exposed to blowing sand i n  the tunnel about 4 hours 
after planting. The plants  were i n  a wilted condition'at  time of tunnel 
tests. Soi l  was hand-raked prior  t o t e s t  and had a 1- to 2-inch layer of 
loose, light-colored, dry sand on the  surface. No residue. Field on 
knoll  i n  undulating t e r ra in .  Plots highly susceptible t o  wind erosion. 

Wind direction and duration of exposure No 
Para l le l  t o  row IPerpendicular t o  row 

Sand d r i f t ,  ton/rd./hr. 
Plant survival 6-7-67, 
Yield, bu./acre 
S o i l  water, $ 
Clods > 0.84 m. dia. ,  $I 
Roughness, inches 
Residue, lbs./acre 

wind 
Surface condition 3 rnin.16 min. 19 min.13 min. i6 min. 19 min. l(~k.) 

1 1 1 I t I I 
, 

* No test or not applicable. 

* 
"lp * 

* 
* 
0 

.020 
67 

x 
1.13 
6.4 
1 . 2  
0 

* 
.x 

". 
* 
%- I 
* I 

1 

0 




